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THE COMPACTING OF 
SOIL BY ROLLING AND 
VIBRATION. 


Tax heavy loads which have now to be carried 
by highways and, particularly, by airport runways, 
have resulted, in recent years, in increased attention 
being paid to the question of compacting the founda- 
tion soil. It has been widespread practice in the 


and 75,000 Ib. when filled with water and sand, 
the footprint pressure ranging from 400 lb. to 
1,000 lb. per square inch. 

The argument in favour of the sheep’s-foot roller 
as against the smooth roller, is that it has a tamping 
action as compared with a pure rolling one, and gives 
a better bonding between superimposed earth 
layers, and a greater density of fill, than its rival. 
This argument, however, has not prevented the 
development of the smooth roller, particularly of 








foot on the runway pavement and that the total 
load on a single tyre is about half the weight of the 
largest American steam locomotives. 

Mr. Porter’s paper is reproduced in Technical 
Bulletin No. 109 of the American Road Builder’s 
Association. In it he stated that “the first principle 
of soil compaction is that the material must be 
moistened to lubricate the particles to the point 
where a minimum amount of energy will be required 
to force the soil grains together.” He added, that 








United States to employ sheep’s-foot rollets for soil 
consolidation, not only for road building, but also 
for the parts of embankments in which it is possible 
to use a tractor-drawn appliance. The sheeps-foot 
' Toller appears to have been introduced in 1904, when 

the Fitzgerald roller was first used at Santa Monica 
in California. This machine weighed about 5000 Ib. 
and exerted a footprint pressure of 40 Ib. to 50 Ib. per 
Square inch. One of its modern descendants is 
shown in Fig 1, on this page. This appliance was 
built at the suggestion of Mr. O. J. Porter, for the 
Sacramento District of the United States Corps of 
Engineers and was used in. the construction of the 
airport at Mather Field, near Sacramento. It has a 
drum 96 in. in diameter and 10 ft. long. It weighs 
30,000 Ib. empty, 60,000 Ib. when filled with water 


Fig. 1. 


the type fitted with pneumatic tyres, and machines 
of this latter class with weights up to 200 short tons 
were built during the war for airport construction. 
In a paper read before the American Road Builder’s 
Association, Mr. O. J. Porter stated that “‘ although 
the rate of progress has been accelerated during 
the war, through the imperative need for high com- 
paction on heavy-duty runway pavements, consider- 
able work remains to be done to determine the most 
efficient method for accomplishing the desired 
objectives.” He added that mass loads as well as 
unit loads are important, and the necessity of 
finishing a runway surface with heavy pressure 
applied over the whole of it is accentuated by the 
fact that the tyres of heavy modern aeroplanes 
impose a load of from seven to eight tons per square 





Mopern Heavy Sueep’s-Foor Rouier. 








the greater the quantity of moisture the less the 
energy required to conrpact the material to the point 
at which the water approximately fills the voids 
but that if too much water is used it is not possible 
to compact the material without expelling the 
excess. The optimum moisture -content varies, 
depending on the compactive effort available and 
the degree of consolidation it is desired to produce. 
In cases of dry soils in which the addition of com- 
pacting water is either impracticable or unecono- 
mical, it is possible to improve the degree of com- 
paction by increasing the mechanical work of con- 
solidation. The sandy desert soils of California 
have been compacted satisfactorily by subjecting 
thin layers, some 2 in. to 4 in. in thickness, to pres- 
sure by heavy rollers. For the large aeroplanes, 
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now in use, it is necessary to consolidate the soil 
to depths of 5.ft. or 6 ft. below the runway pave- 
ment. 

As soil cannot be compacted without expelling 
the air, it follows that pervious sandy soils are 
more easily dealt with than clays and clay loams. 
Some comparative curves illustrating this are repro- 
duced in Fig. 2 on this page. These refer to tests 
carried out by the California Division of Highways, 
the actual consolidation being obtained by tamping, 
not rolling. The greater degree of compaction 
obtained with the more pervious materials for equal 
work is clearly shown. The curves represent the 
average values of results obtained by tamping 4 in. 
and 8 in. layers, straight lines being drawn as nearly 
as possible through the plotted values. There are 
indications, however, that the curves should flatten 
out as the higher densities are approached, as 
shown by the thin-line curves at the left-hand end. 
This probably indicates that at the higher values 
consolidation is approaching the limit possible for 
the thickness of layer and the method of tamping 
adopted. If thinner layers had been used the curves 
for the different types of material would probably 
have lain closer together. The effect of thinner 
layers with cohesive material is shown in Fig. 3. 
The curves relate to clay loam and show the com- 
paction attained respectively with 4-in. and 8-in. 
layers. The curves of Fig. 3 are those on which 
the average curve of Fig. 2 is based, and this curve 
is reproduced in Fig. 3. Experience has shown 
that, as a general rule, the energy required for 
compacting relatively impervious soils varies 
roughly as the square of the thickness of the layer, 
a 6-in. layer consequently requires four times the 
number Of passes with a roller as does a 3-in. layer. 

When is applied to a soil containing either 
air or water, or both, a part of the load is carried 
by grain-to-grain contact of the soil particles, the 
remainder of the load being transmitted by the 
fluids in the form of pore pressure. Other things 
being equal, the greater the load the greater the 
pore pressure and the more rapidly are the fluids 
expelled. If, however, a soil is too wet, approaching 
saturation, a very high pore pressure may be deve- 
loped and a shear, or displacement, failure may 
occur without the material being compacted. This 
action is illustrated when an attempt is made to 
compact. a very plastic clay with a heavy roller. 
As a large percentage of the soils encountered in 
construction are relatively impervious as they 
approach a nroderately compact state, it is necessary 
to deal with them in thin layers to expel the air 
effectively. With the great loads imposed on run- 
ways by modern aircraft, it is necessary to compact 
the soil to a considerable depth ; if this is not done 
additional consolidation of the subgrade and base 
courses will take place under traffic, with displace- 
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ment of the pavement. Studies of pavement failures 
in recent years, on heavy-duty highways have indi- 
cated the necessity for greater compaction and 
stabilisation of the sub-grade. The standard high- 
way specifications for the State of California require 
that the subsoil and sub-grade shall be highly com- 

in layers not more than 4 in. thick to a depth 
of at least 3 ft. below the profile grade. Many fills in 
California are oo in layers of 4 in. or less, 
by means of rubber-tyred tractor-drawn scrapers, 
and high embankments compacted in 1939 in the 
same way, in 3-in. to 4-in. layers, and with an opti- 
mum moisture content, have not settled sufficiently 
up to the present time to require re-surfacing. 

The histories of the sheep’s-foot roller, the flat- 
wheel roller and the rubber-tyred roller all illustrate 
the continuous increase in size and weight necessi- 
tated by heavier traffics and the more stringent 





conditions which have to be met. The original 
Fitzgerald sheep’s-foot roller retained its position for 
some years, but about the year 1920 was replaced 
by the “ light standard ” model which is illustrated 
in Fig. 4, on this page. This machine, in use in 
California for about. twenty years, has a drum 42-in. 

in diameter, a weight of from 6,000 to 10,000 Ib. for 
an 8 ft. width and a foot-print pressure of from 60 to 
100 Ib. per square inch, compared with the 40 to 50 lb. 
per square inch of the Fitzgerald roller. The actual 
weight of the machines depends on the amount of 
water and sand ballst carried. In the:years following 
1930, the weight of this roller was increased to pro- 
vide for a foot-print pressure of from 100 to 300 Ib. 
per inch and a loaded weight of 8,000 to 
15,000 Ib. per 8 ft. width. In spite of this increase 
in weight, this roller is now considered to be too 
light for much important work and its use was 
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Fig. 8. 


not permitted on some large earth-dam projects in 
western America, its place being taken by the 
“heavy standard” sheep’s-foot roller introduced 
about 1935 and illustrated in Fig. 5, opposite. 
This is 60 in. in diameter and has a fully-loaded 
weight of 35,000 Ib. for a width of 8 ft. Depending 
on the ballast carried, the foot-print pressure varies 
between 300 and 600 Ib. per square inch. A roller 
of this type, loaded to a total weight of 41,000 Ib. 
with a heavy slurry ballast and producing a foot- 
print pressure of about 740 Ib. per square inch, is 
being used by the United States Waterways Experi- 
mental Station at Vicksburg for soil-compaction 
studies. The latest development of the sheep’s-foot 
roller has already been referred to and is illustrated 
in Fig. 1. This machine, which was built in 1944 
for an urgently-required airport, was originally 
designed with two drums mounted on a common 
shaft, but to expedite delivery was built with a 
single drum. The roller can be towed satisfactorily 
by a tractor as shown, but long-radius turns are 
necessary. Mr. Porter considers it would be im- 
proved and manceuvring facilitated if the double- 
drum arrangement were reverted to. 

In an article in the November, 1943, issue of the 
Compressed Air Magazine, Mr. Miles D. Catton, 
manager of the Soil-Cement Bureau of the Portland 
Cement Association, stated that smooth-steel rollers, 
and pneumatic-tyred rollers, for earth consolidation, 
came into use after sheep’s-foot rollers and were used 
for “rolling and ironing” after packing by the 
latter appliance. He dated the first use of sheeps- 
foot rollers for consolidating the material of earth 
dams as 1910, which is not necessarily inconsistent 
with Mr. Porter’s date of 1904 for the first use of 
such rollers for road work. Mr. Catton’s article 
was entitled “‘ Paving with Soil and Cement,” and 
was concerned with road surfacing rather than earth 
consolidation. He is quoted as placing the use of 
smooth rollers subsequent to that of sheep’s-foot 
rollers. No doubt from the particular aspect of 
road construction with which he was concerned, 
this is correct and he states that by 1939, this 
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regime had been applied extensively. It appears 
probable, however, that the earliest work on earth 
consolidation would be carried out with flat-wheel 
rollers. Mr. Porter said that three-wheel and tan- 
dem machines of this type had been used for 
“consolidating thin layers of base course and 
pavements for many years.” He gave an illustra- 
tion of a 12-ton three-wheeled roller, which is 
reproduced in Fig. 6, on this page. 

In 1929, on a large grading contract on the State 
highway system through Weldon Canyon, near 
Los Angeles, embankments ranging up to 120 ft. 
in height were constructed in thin layers, of some 
4 to 6 in. Sheep’s-foot rollers were used on each 
layer, but most of the consolidation was carried 
out by the carrier wagons by which the filling 
material was distributed. These were two-wheel 
vehicles and when they were fully loaded, each 
flat steel wheel exerted a pressure of about 10 tons. 
A water-tank roller, illustrated in Fig. 7, on this page, 
was also used in connection with this work. It hada 
total weight of 30 tons, or 15 tons per wheel. The 
embankments have proved very stable and there 
have been no serious settlements in the last 18 years. 
Steel-wheel tractor-drawn carrier scrapers were 
introduced about 1930. These machines act both 
as distributing and consolidating equipment and 
high embankments constructed in 4 in. layers have 
proved quite stable without the use of any other 
rolling equipment. A Le Tourneau 5-cubic yard 
steel wheel scraper is illustrated in Fig. 8. It has 
been claimed that, where they are applicable, carrier 
scrapers are the most economical type of earth-mov- 
ing equipment, as they do away with the necessity 
for special spreading and grading equipment. 

Carrier scrapers fitted with pneumatic tyres 
instead of flat steel wheels were introduced about 
1932. The claims made for pneumatic tyres is that 
vehicles fitted with them can travel over softer 
ground and that maintenance charges of the 
equipment are reduced owing to the shock-absorbing 
properties of the tyres. Machines of this class, 
with capacities ranging from 18 to 30 ‘cubic yards, 
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were built in the years following 1938 ; an example 
is illustrated in Fig. 9. Such machines, fully loaded, 
have been used to a considerable extent in Cali- 
fornia purely as rollers and are stated to have 
given good results in cases in which it has proved 
difficult to secure proper consolidation with standard 
sheep’s-foot and flat-wheel rollers. In the early 
part of the war, large scrapers equipped with 
pneumatic tyres and exerting + eat loads of 40,000 
Ib. were used to consolidate the sub-grade and base 
courses of many airport pavements, and it was not 
uncommon to obtain an additional 1 in., or even 
2 in., of compaction after the’grade had been rolled 
with standard equipment. 

Multi-wheeled rubber-tyred rollers were also 
introduced in the ’thirties ; an example of a machine 
of this class, loaded with pig-iron to a total weight 
of 8 tons, is shown in Fig. 10, on page 4. Mr. 
Porter stated that this type of appliance had 
proved quite effective in consolidating thin layers 
of base courses and in bituminous This 
class of machine was greatly developed “during 
the war. In 1943, a rubber-tyred roller of 75 tens 
capacity was built for airport construction by the 
Pacific Division of the Army Corps of Engineers. 
This four-wheeled machine is shown in Fig. 11, on 
page 4. It was used to compact the original 
ground and to consolidate the sub- grade, sub-base 
and base course layers. The machine was designed 
so that it could also be employed to test completed 
airport pavements under loads comparable with 
those imposed by heavy aircraft. For this pur- 
pose, the two load-boxes were separated by 4 
spreader beam, as shown in Fig. 12, on page 4. In 
1945, a further advance was made and a 5-wheeled 
roller of 100 tons capacity was built and utilised 
in the construction of embankments and the con- 
solidation of the sub-grades at the Clover Field 
airport, Santa Monica, California. This machine 
is illustrated in Fig. 13, on this page. The two 
front wheels are set in line of the spaces between 
the rear wheels, so that complete coverage of the 
treated surface is obtained. 
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Fig. 12. Rotzer wirn Loap-Boxes SEPARATED. 


Before the construction of this airport, a test 
section 300 ft. by 300 ft. was laid down and sub- 
jected tc consolidation by different treatn:ents. 
It was divided into 18 strips, each being built up to 
2 height of 2 ft. after different compaction procedures, 
and after each strip of the test embankment had 
been completed, it was subjected to from 16 to 20 
tests, up to depths of from 4 to 18 in, in order to 
determine the average density and relative com- 
paction produced. A number of the strips were 
rolled, with either four or eight passes of a ‘‘ heavy 
standard” sheep’s-foot roller, of the type shown 
in Fig. 5, prior to being rolled with the rubber-tyred 
unit. The results of these tests are shown in Fig. 14, 
on this page. The material under treatment was a 
sandy loam, with the following composition: sand, 
80 per cent.; silt, 12 per cent.; and clay, 8 per 
cent. The results showed that four to eight passes 
with the sheep’s-foot roller did not produce satis- 
factory density and did not materially improve on 
the results obtained by the rubber-tyred roller 
without the use of the sheep’s-foot roller. Two 
passes of the rubber-tyred roller, loaded to 40 tons, 
per 3-in. layer (equivalent to four passes per 6-in. 
layer) produced higher density than eight passes of 
the sheep’s-foot roller plus four passes of the rubber- 
tyred roller on a 6-in. layer. The use of 3-in. layers 
with a 40-ton roller was about one and a half times 
as effective as when 6-in. layers were used. As will 
be seen from Fig. 14, the loading of the rubber-tyred 
roller to 60 tons, made it, for 6-in. layers, about twice 
as effective as when loaded to 40 tons. The results 
of the tests established that the most effective pro- 
cedure for this sandy loam was to employ a heavy 
rubber-tyred roller with relatively thin layers. This 
method was followed in the actual construction of 
the airport, the material being spread in 3 in. to 6 in. 
layers and rolled with the rubber-tyred machine 
loaded to from 60 to 100 tons. 

The 100-ton rubber-tyred roller illustrated in 
Fig. 13, does not represent the maximum size to 
which machines of this type have been built. A 
six-wheeled unit with a loaded weight of 120 tons, 
which was designed by the Peterson Brothers Equip- 
ment Company for the Sacramento district, is illus- 
trated in Fig. 17, opposite. It was used for the 
consolidation of the subgrade and base courses of 
the runways, taxiways and aprons of airports 
serving 300,000-lb. aeroplanes. The wheels of this 
roller are arranged so that complete coverage of the 
ground is obtained. Mr. Porter states that it can be 
handled well with standard tractive equipment, but 
it is necessary to tow a 120-ton weight to obtain 
a 40-ton concentration on the tyres. He adds 
that if the machine were designed as a trailer 
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75-Ton Four-WHEELED ROLLER. 
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100-Ton Five-WHEELED ROLLER. 
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with tyres in a row, an 80-top load would furnish a 
mass effect of 80 tons. It would be more easily 
operated and would give more effective results at 
greater depth owing to the increase in mass load. 
A. still larger machine, built to the specification 
of the Pacifie Division of the United States Corps of 
Engineers, and used in the construction of a number 
of airports in California in 1944 and 1945, is shown 
in Fig. 15, opposite. This ean be loaded up to 
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from 150 tons to 200 tons. It consists of two trailer- 
type load boxes each weighing about 20 tons, and 
each carried on two wheels. When the machine is 
used as a roller, the boxes are bolted together, side 
by side, as shown in Fig. 15, but they may be 
separated, and connected by trusses, as shown in 
Fig. 16. In this view the machine is being employed 
as a test rig to determine the adequacy of,an airport 
runway under a gross load of some 280 short tons 
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. 15. 150 To 200-Ton Tramer-TyrPe ROLLER. 





150 To 200-Ton Macutne, wirn Traiter Roiuers SEPARATED. 
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T his large unit produces a very high density in 
the sub-grade, and to a considerable depth in the 
underlying foundation, where the soils concerned 
are of a pervious nature. Pre-testing of the base 
and subgrade enables weak areas in the foundation 
to be detected and corrected before paving opera- 
ti ons are undertaken. 

At the meeting of the American Road Builders’ 














Fie. 17. 120-Ton Stx-WHEELED RoLiEr. 


Association, at which Mr. Porter’s paper was read, 


a@ communication entitled “ Vibratory and Impact 
Compaction of Soils,” was presented by Professor 
Gregory P. Tschebotarioff, who is director of the 


Soil Mechanics Laboratory of Princeton University. 


He pointed out that soil consolidation to depths of 
five or six feet was now necessary owing to the 
greatly increased weight of aircraft; and that still 





greater depths might be necessary in the future. 
Successful work had been carried out on the west 
coast of the United States by increasing the weight 
and size of rollers of various types, but conside:able 
interest had been shown in the possibility of soil 
consolidation by less conventional methods. 

Investigations carried out at the Soil Mechanics 
| Laboratory of Princeton University had shown that, 
as compared with static forces of equivalent magni- 
tude, vibratory forces were many times more 
effective in compacting sands, but that they were 
not any more effective on compacting clays. It 
was also demonstrated that the compactive effect 
of a static load could be magnified several times on 
any soil if the load were vibrated at the natural 
frequency of the load-soi! system, that is, by reson- 
ance. Further, that the interposition between the 
vibrator and the soil of any type of spring, including 
pneumatic tyres, appreciably reduced the compac- 
tive vibratory forces transmitted to the soil and 
lowered the resonance frequency of the system. 
These conclusions appear to suggest that compaction 
might be carried out by light-weight vibrated rollers 
if these could be operated economically at the reson- 
ance speeds of the roller-soil system. It is doubtful, 
however, if there would be any economy in building 
such light vibratory rollers solely for the purpose of 
using them at resonance frequencies, and it would 
probably be more economical, and certainly much 
simpler for operational purposes, to build larger and 
heavier machines, especially as it seems unlikely 
that such light vibratory rollers would be effective 
on clay soils. 

A further point arises in connection with the 
possibility of using vibratory rollers for the com- 
paction of sands. It is known that pneumatic-tyred 
rollers are the most effective for this purpose and 
the tyres would necessarily introduce a spring 
element between the vibrator and the soil with a 
consequent lowering of the resonance frequency of 
the system. Also, to be really effective, vibratory 
forces must be applied for some time at the same 
spot, and consequently very low speeds of roller 
motion, not exceeding 200 ft. per hour, would be 
necessary. To verify, or contradict, these specula- 
tions, extensive full-scale experiments with vibra- 
tory rollers of different types would be necessary. 

Two types of non-roller vibratory equipment for 
compacting soils have been developed. The first 
consists of a heavy weight dragged along the surface 
of the soil between the treads of the tractor towing 
it. The weight is connected to a vibrator, so that 
it shakes down the soil below it without trans- 
mitting appreciable vibration to the tractor itself. 
The machine weighs 24 tons and the area of the 
flat weight in contact with the soil is 82 sq. ft. 
The natural frequency of the machine-soil system 
proved to be within the limits 800 to 900 cycles 
per minute, and satisfactory results were obtained 
with the very low speed of 165 ft. per hour by the 
tractor, but 25 per cent. better compaction resulted 
when the machine was allowed to stand for five 
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minutes on the same spot. It would appear that 
effective compaction on sandy soils to a depth of 
about 2-5 ft. can be obtained with this appliance. 
No information is available about its use on cohesive 
soils. The other type of non-roller equipment, 
which is described as a Vibro-Flotator, consists 
essentially of a very large concrete vibrator which is 
lowered from the soil surface into the ground, 
shaking down and compacting the soil within a 
certain radius around it. Water is injected under 

pressure through the vibrator into the sand, loosen- 
ing ng and facilitating compaction. agen 
Tschebotarioff states that this 
effective in clean sands, but that he is doubtful if 
it would be so in silty sands. It has apparently 
been used only as a single unit, handled by a crane, 
to compact the soil over a small area. As it 
exists at present, it would not appear to be suitable 
for the compaction of a large area, such as an airport 
runway with good efficiency and in a reasonably 
short time. 

The second alternative to rolling, mentioned 
earlier, is the compaction of soils by the impact of 
heavy weights against the surface. It is stated in 
the paper that recent investigations carried out at 
the Vicksburg Experiment Station appear to indicate 
pe in some cases compaction by impact forces 

y produce a greater stability of the compacted 
coils than would be the case under the action of 
static load, but no details of the investigations are 
given. In an example of the use of impact forces, a 
2-ton steel weight with a 3-ft. square base was 
Grogeed by a crane from a height of 5 ft. on to a 

ly soil. Max‘mum compaction was obtained to 
a depth of about 2ft. Increasing the weight up to 
4-5 tons did not result in increased compaction 
and there was evidence that too great an impact on 
the soil surface had a dislocating effect. A further 
example concerned the use of a tractor equipped 
with four 1-5-ton hammers. Details of its per- 
formance are not given, but Professor Tsche- 
botarioff states that there does not seem to be any 
reason why the machine should be particularly 
effective. The so-called “frog” consisting of a 
heavy cylindrical body with a self-contained inter- 
nal-combustion engine, which makes a succession of 
jumps into the air, compacting the surface as it 
falls, is fairly well known. It is stated to be less 
effective than a weight dropped from a crane, 
but is doubtless much more rapid in action and 
considerably more convenient in use. 

Deep loose sand deposits which cannot be com- 
pacted effectively by action on their surfaces present 
a special problem. For the foundations of buildings 
they are frequently dealt with by the formation of 
. “sand piles.” These are driven in the same manner 
as concrete piles cast in situ. A casing, of the type 
used in the formation of Franki concrete piles, is 
driven into the ground. Sand is then delivered into 
the easing and tamped, the casing being graduaily 
withdrawn as more and more sand is supplied and 
tamped. Compaction of the ground takes place 
both while the casing is being driven and also, as 
the sand charge is tamped, as it is withdrawn. 
The pile-driver used is a narrow-based machine 
which requires special measures to ensure its sta- 
bility and the difficulty of moving it from one posi- 
tion to another imposes limits on its speed of opera- 
tion when a large area has to be dealt with. 

Professor Tschebotarioff suggests that the sand 
pile might be employed advantageously in the com- 
paction of large areas such as an ai lane, 
even when this had to be built on a hydraulic fill. 
Consolidation up to depths of about 15 ft. might 
be attained.’ Special plant would be necessary, 
consisting of a heavy steel frame bridging the lane, 
which might have a width of 25 ft. Two rows of 
sand-pile drivers would be carried by the frame 
which could run on rails or tracks, so that it could 
traverse the length of the rmmway. The pile drivers 
would be connected to driving machinery at the 
ends of the frame and would be operated simul- 
taneously. It is admitted that this plant would 
be expensive, but is suggested that the overall cost 
of its employment would not be greater in the 
treatment of a sandy area, or hydraulic fill, than 
the alternative procedure of transporting, placing 
and compacting several feet thickness of borrow 
material. 
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The Experimental Study of Structures. By Professor 
A. J. S. Prpparp. Edward Arnold and Company, 
41-43, Maddox-street, London, W.1. [Price 9s. net.] 

THE subject matter of this little book, advocating 

an experimental approach to the study of structural 

theory, is based on lectures and demonstrations 
given by the author at the invitation of the 

of Education at the summer school for teachers in 

technical colleges at New College, Oxford, in July, 

Pippard starts with a strong 
expression of opinion that, if live interest is to be 
induced in the student of the theory of structures, 

a subject which is so largely mathematical, it is 

desirable to complement lecture-room and drawing 

iilan weil etbrndmmenaipetiennicta tha Whemaere: 

He then proceeds to show that, for ordinary under- 

graduate work, large laboratories and e 

equipment are not required; essential structural 

theorems can be illustrated and verified experi- 
mentally by means of simple small-scale models. 

Consideration is given to the functions of experiment 

in structural research, which are separated into the 

following groups : exploratory, confirmatory, data- 
providing, analytical, and ad hoc. The relationships 
of such experiments to analysis are briefly discussed. 

In the small-scale model-structures laboratory 

advocated by Professor Pippard, three types of 

model are differentiated: the elementary type, 
which illustrates the behaviour of structural ele- 
ments and complete structures by a gross exaggera- 
tion of the deflections; the model devised to 
illustrate a general principle or method of analysis 
in a simple manner, so as to impress the fundamentals 
on the student’s mind; and the model which is 
capable of giving quantitative results. It is almost 
needless to add that all these models are concerned 
only with the behayiour of structures or structural 
elements loaded within the elastic range. The use 
of models to study the elasto-plastic behaviour of 
structures is not discussed. Some essential theorems 
which are fundamental to structural analysis are 
then considered ; they include Hooke’s Law, the 
principle of superposition, the principle of St. 

Venant, Maxwell’s reciprocal theorem, and Castig- 

liano’s two theorems. Some brief notes on the 

methods of moment distribution and slope-deflection 
are added. 

In Chapter 2, a number of “behaviour ” and 
“principle ” models are described, illustrating, for 
example, the effect of rigid joints in a simple braced 
truss, the effect of different end-fixing conditions 
on a loaded strut, and the verification of Maxwell’s 
theorem. This is followed by a chapter dealing 
with experimental applications of Maxwell’s theorem 
and e Beggs’s method of using microscopic 
displacements and the large-displacement method, 
both employing celluloid models. Chapter 4 
describes models illustrative of strain-energy and 
distribution methods; in particular, the model 
giving an experimental demonstration of the 
moment-distribution process is most effective. The 
next chapter deals with the experimental study of 
arches, details being given of the method of approach 
by analogy from a flexible cable loaded similarly 
to the arch. Models for use in a study of the 
voussoir arch are also described. The final chapter 
discusses a number of experiments that can be made 
with sand, namely, the determination of the angle 
of friction between wall and sand, of the coefficient 
of friction, and of the angle of rupture. 

Some useful notes on miscellaneous equipment 
for a small-scale model-structures laboratory are 
included in an appendix. This slim volume should 
give a fillip to a more enlightened approach to the 
study of the theory of structures. 


Tests of Instruments for the Determination, Indication, 
and Recording of the Specific Gravities of Gases. By 
Francis A. Suir, JOHN H. EISEMAN and E. CARROLL 
CrerTz. National Bureau of Standards Miscellaneous 
Publication M177. United States Government Print- 
ing Office, Washington, D.C., U.S.A. [Price 1.00 dol.] 


Tuts report presents a detailed critical study of 
eleven different instruments designed for deter- 
mining, indicating or recording the specific gravities 
of gases, undertaken at the request of the American 





Society for Testing Materials. Notification of the 
proposed tests was given in 1938, and the experi. 
mental work was completed in August, 1941. The 
instruments, with the single exception of the Fisher 
densimeter, which was experimental, were standard 
commercial models supplied by seven manufacturi ring 
firms, six American and one English. 

The principles underlying their operation vary 
considerably. In the first group, comprising the 
Edwards, Ac-Me Junior No. 4041 and Ac-Me No. 
3511, a beam carrying a bulb is brought to balance 
first in air and then in the gas by adjusting the 
pressure within the balance case, the resulting 
pressures being determined by means of a baro. 
meter in conjunction with a manometer 
and the specific gravity being computed from their 
ratio. In the second group, consisting of the 
Anubis portable balance, Anubis recording gravito. 
meter No. 271, and Sigma recorder No. 7, the 
weight of a given volume of gas at atmospheric 
pressure is balanced by a displacement of the centre 
of gravity of a balance beam, and from the amount 
of this displacement the specific gravity is deduced, 
The three instruments of the third group—the 
metric indicating gravitometer, the Ranarex re. 
corder No. A 2360, and the Ranarex portable 
indicator No. P 1284—depend on the pressure 
developed in stopping the movement of the gas that 
has been set into motion by a rotary blower. In 
the Fisher densimeter, the specific gravity of a gas 
is calculated from the observed rates of efflux of the 
gas and air through an orifice. 

For the purpose of the investigation, 15 test 
gases or gas mixtures were prepared. Their specific 
gravities, varying from 0-1526 (helium) in steps 
of approximately 0-15 to 2-0644 (butane), were 
accurately determined by differential weighing in 
glass globes of about I litre capacity. The probable 
error in this set of determinations averaged 
+0-00004, which made it possible to fix the errors 
of the instruments to 0-0001 specific gravity unit. 
Each instrument was tested with such of the gases 
or mixtures as fell within its specific gravity range 
at a temperature of 25 deg. C. and, where applicable, 
in air having a water content of 1-1 per cent. Two 
of the prepared mixtures, similar in composition to 
manufactured and natural gas, respectively, were 
further used to test the instruments in air at tem- 
peratures and with water contents above and below 
these standard values in order to ascertain their 
temperature and humidity coefficients. Another 
pair of prepared mixtures (helium-nitrogen and 
hydrogen - carbon dioxide), having comparable 
specific gravities but notably different viscosities, 
was employed to study any influence viscosity 
might have on the reading of the instrument. A 
suitable technique was worked out for each instru- 
ment and adhered to throughout. 

Each test of an instrument consisted of ten‘deter- 
minations of specific gravity, half made by one 
observer and half by another, in order to minimise 
the effect of the personal equation. The ten deter- 
minations, with their mean, were treated by the 
method of least to determine the probable 
error of the mean and that of a single determination. 
Where a quantitative estimate of known sources 
of error could be formed, the necessary corrections 
were applied. The observed and corrected specific 
gravities for each of the gases used are tabulated 
for each instrument, and the corrected results are 
also plotted. Other possible sources of error are 
discussed and valuable suggestions made for 
improving the design of the respective instruments 
in the light of the experience gained by their use. 
The construction of each instrument is clearly 
described and a photograph of it is reproduced. Un- 
fortunately, a photograph reveals little beyond the 
exterior casing; a line diagram of the working parts 
would make the description easier to follow. Few 
misprints were noted : on page 9, the suffix 1 for 
the weight on the right-hand pan after interchange 
should be 2; “test” should be read for “text ” 
on page 14; “variable” for ‘‘valiable” on 
page 42; and “* resistance ’’ for ‘‘ resistence ” on 
page 120. 

This exceptionally thorough: investigation is a 
model of its kind and should be consulted by anyone 
faced with the problem of measuring the specific 
gravities of gases. It must be borne in mind, of 
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course, that, as the tests reported were carried out 
under optimum conditions, less accurate and repro- 
ducible results would be likely to be secured in less 
skilled hands and under ordinary works conditions. 
Similar investigations of other classes of instru- 
ments would be welcome. 








Introduction to Aer ti By C. F. Toms, A.R.Ae.S. 
Charles Griffin and Company, Limited, 42, Drury-lane, 
London, W.C.2. [Price 21. net.] 

To a certain extent, the title of a book is expected to 

give some indication of its contents; and an 

“ Introduction to Aeronautics,” therefore, might be 

supposed to survey in a general way all activities 

in connection with air locomotion. This, however, 
hardly does justice to this excellent volume by 

Mr. Toms, who should have given it some more 

substantial title, such as “‘ An Introduction to Aero- 

dynamic Technology”; for it pioneers what will 
probably be a long list of eventual text-books out- 
lining the principles of aerodynamic calculations. 

In these days, when so much information is still 

shrouded in war-time secrecy, and-labels “‘ secret,” 

“ confidential ” and “‘ restricted ” present an impas- 
sable barrier to the publication of most of the results 
of the researches and developments of the past 
decade, it is an act of considerable courage to attempt 
to write a book of this type, for some of the contents 
cannot but be out of date before it is published, 
while much that should be included must perforce 
be omitted. This, no doubt, is the reason for the 
inclusion of the somewhat outmoded, although 
not incorrect, pre-war methods of performance 
reduction, and the exclusion of more recent work 
on the subject ; though it cannot excuse the almost 
complete absence of information about jet or turbine 
engines in the chapter on “‘ The Power Unit ” and 
the equally unfortunate neglect of information on 
low-drag wing sections and suction aerofoils. In 
fact, although the presentation is generally of a high 
standard and covers the subject fairly comprehen- 
sively, the book lacks that virile “‘ forward-looking ” 
outlook which is to be expected of a post-war 
publication in this rapidly expanding field. 

Two minor criticisms must be made: the appen- 
dix giving the derivation of Bernoulli’s equation 
should precede the appendix which uses the result 


to derive the formula for the critical (shock-stall) | of the new plant will be largely in the hands of the 
speeds of aerofoils; and it may be questioned ** Direccién General de Fabricaciones Militares.” bp 
; ing-wing project was submitted to Congress with an outline o 
prow noni wart teotttnt Othe oubpet jg | the Government’s proposals under what is yt 
. : 4 the Argentine Steel Plan. The output of pig-iron 

dealt with so inadequately as to be almost useless. ow 
Some readers may feel, too, that the author’s 
anxiety to achieve complete clarity has resulted in | would be increased, and the capacity of the new plant 
the elimination of too much basic theory in favour | would be approximately 315,000 metric tons of steel 
of too many typical computations. This, however, ; : 
is by no means a fault if the volume is truly regarded | of national raw material and fuel. _ , 
as what it really is—a first-rate introduction to from these billets of steel bars, sections, plates, pipes, 


aerodynamic technology. 
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CONFERENCE ON SOIL MECHANICS, ROTTERDAM, 1948. 
—tThe second International Conference on Soil Mechanics 
and Foundation Engineering will be held in Rotterdam | that 
from June 21 to 30, 1948, on the invitation of the Nether- 
lands Government and the Municipality of Rotterdam. | treaties. The aim is to supply the local Argentine 
The Institution of Civil Engineers have convened a i 
British National Committee under the chairmanship of | steel materials at prices not more than 5 per cent. 
Mr. W. K. Wallace, and further particulars regarding the | higher than those ruling for similar products in other 
Conference can be obtained from the secretary of the | markets, especially the United States, even if this 


Institution, Great George-street, London, 8.W.1. 





H.M.S. “ AGincourT” HaNnDED OVER TO THE AD-| expropriate any property which might be considered 
MIRALTY.—After satisfactory sea trials, H.M.S. Agin-| necessary (including scrap), as well as to apply tariff 
court, a flotilla leader of about 2,200 tons displacement, 
was handed over by her builders, Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- | estimated 21,970 tons in the first ten months of 1944. 
Tyne, to the British Admiralty on June 25. The vessel 
has geared-turbine machinery of 50,000 shaft horse-power, 
and her armament comprises twin 4-5-in. Q.F. guns, 
twin 40-mm. Bofors guns, and 21-in, torpedo tubes. 
H.M.S. Agincourt is the ninth flotilla leader to be built | tons in 1 


by Messrs. Hawthorn, Leslie and Company since 1939 


a sister ship, H.M.S. Alamein, is now being completed 5 5,000 men. 
by this firm for the Admiralty. ‘ 


NOTES FROM SOUTH AMERICA. 


Tue President of the Central Bank of Argentina 
recently informed the Buenos Aires Stock Exchange 
that the Argentine railways would have to bear a heavy 
burden of additional expenditure, which, he said, would 
be about 800 million pesos (say, 50,000,0001. sterling). 
It would be involved in the new wage scale and other 
benefits conceded to railway employees generally, andin 
purchases of new equipment, and he gave a strong 
hint that fares and freight rates would have to be 
increased. Assuming the approval of the scheme for 
the purchase of the Britich-owned railways by the 
Argentine Government, the new owners will have 
undisputed power to enforce higher rates, which was 
denied to the former owners. Inadequate and out-of- 
date transport equipment continues to delay the con- 
signment of Argentine crops to the ports, which are 
still very congested. The Argentine State Merchant 
Fleet has been asking for tenders in London for six 
motor vessels of approximately 7,500 gross tons each, 
with refrigerated cargo space and accommodation for a 
limited number of passengers, up to a total expenditure 
of about 3,800,000/. The Merchant Fleet been 
authorised to spend 522,0001. on the purchase in the 
United Kingdom of a large motor-vessel, to be named 
the Rio Tercero ; the contract is reported to have been 
given to a shipyard at Sunderland. The Government 
have also bought, from the United States, three tugs 
and a number of steel lighters. 

The Argentine National Department of Water and 
Electric Power has announced the intention to carry 
out several important irrigation schemes in the Terri- 
tory of Rio Negro. Two jects, costing 12,390,000 
pesos, are to be “hides for irrigating 160,000 
hectares in the middle and lower valleys of the Rio 
Negro; nearly seven million pesos will be spent on 
similar works in the valley of Viedma, and a further 
six million pesos on the initial stages of the Gran Canal 
Matriz Sur de Rio Negro, which, it is expected, will 
eventually irrigate 110,000 hectares. Discussions have 
been begun between Argentina and Brazil for the 
development of hydro-electric power from the famous 
Iguazu Falls. 

Further details are now available of the Argentine 
Bill—which has been approved by the Chamber of 
Deputies and is now before the Senate—for the creation 
of a National Steel Company, styled “ Sociedad Mixta 
Siderirgica Argentina,” with an authorised capital of 
100 million pesos, of which 80 millions would be 
provided by the State and the rest by public subscrip- 
tion. The Bill stipulates that all shareholders must be 
of Argentine nationality, and provides that the amount 
of privately-held capital may be increased, but control 


from the existing blast furnace at Palpalé in the 
province of Jujuy, using local deposits of minerals, 


billets per annum, using imported as well as supplies 
The manufacture 





etc., and also tinplate, was envisaged, but activity 
under this heading would be principally in the hands of 
pores industry. It is understood that contracts have 

n drawn up with “ Armco Argentina S.A.,” as one 


Plovdiv Industries Fair,| of the concerns participating in the plan, and that | ha’ 
Bulgaria, is being held this year from August 31 | negotiations are in progress with United States interests 
to September 14, for the first time since the war. The | regarding the erection of the plant. In this connection, 
British and Central European Chamber of Commerce, | a recent report mentioned that the Pittsburgh Steel 
28, Craven-street, London, W.C.2, have been appointed | Foundry Corporation would start construction of a 


steel rolling-mill in Argentina in about six months, 
and that Argentine technicians were being sent to 
Pittsburgh for training. 

In connection with the above scheme, it is admitted 
Argentina is dependent upon imported coal, but 
this, it is considered, could be secured by bi-lateral 


ing and finishing industries with semi-processed 


necessitates subsidising production. To further the 
steel plan, the Government would have power to 


protection to the new industry. Argentina’s imports 
of steel fell from 407,500 tons in 1940 to only an 


werful impetus to local rolling-mill activities. 
mestic 


Plant at Volta Redonda last year, particular signifi- 
cance attaches to the latest figures of Brazilian iron 
and steel output. These relate to 1946 and show that, 
compared with 1939, the output of pig-iron was 
365,345 tons (an increase of 128 per cent.) ; ‘steel, 
342,643 tons (an increase of 200 per cent.); and of 
rolled iron and steel, 311,515 tons (an increase of 
208 per cent.). A leading Brazilian journal comments 
that Brazil is beginning a struggle for the consolidation 
of national industry, and that the decisive factor will 
be the cost of production, a fact which must be boldly 
faced. The average value of Brazil’s products in 1936 
is given as follows: pig-iron, the equivalent of 101. 
per ton (an increase of 139 per cent. on the average 
value for 1939); steel, 241. per ton (an increase of 
166 per cent.); and rolled iron and steel, 291. per ton 
(#2 increase of 116 per cent.) 
The South American countries’ large foreign exchange 
balances are now being rapidly spent in meeting a 
sudden rise in imports, particularly from the United 
States; and most of the countries have adopted 
systems whereby priority in regard to exchange cover 
is given to essential imports, particularly engineering, 
transport and other capital goods. Brazil is the latest 
country to adopt a system of import permits, but 
there is a considerable list of priority imports which 
do not require a permit, including iron and steel, other 
metals and manufactures, and most kinds of machinery. 
Meanwhile, satisfactory progress is being made in the 
negotiations between the British Treasury and the 
Brazilian Mission, and a formal agreement regarding 
Brazil’s sterling balances, etc., is expected soon. There 
is still no indication, however, whether these balances 
may be applied in whole or in part to-buy out British- 
owned public-utility concerns in Brazil. The Rio de 
Janeiro City Improvements Company, a British con- 
cern which, for 85 years, has been responsible for drainage 
and sewerage in Rio de Janeiro, Raenaliy terminated 
its activities on April 24, 1947, when its concession 
expired, and the installations have been handed over 
to the Prefecture of the Federal District. A credit 
has been opened in favour of the State-owned Soro- 
cabana Railway for 11,000,0001., of which nearly 
2,000,000. will be used to pay the contractors’ out- 
standing accounts and the equivalent of 6,900,0001. 
will be spent on rolling stock—including 82 Diesel- 
electric locomotives and 2,500 wagons—ordered in the 
United States; the balance will be used to finance 
further electrification. Cable advices received in Rio de 
Janeiro from Turin state that an agreement has been 
concluded between the Fiat Company and a group of 
Brazilian financiers for the construction of a motor-car 
factory in Rio de Janeiro. Engineers from the Italian 
works would shortly visit Brazil for this purpose. 
In a recent speech to Congress, the President of 
Chile asserted that national economic independence 
could be achieved only by transforming Chile from a 
mining country, exporting raw materials, into a manu- 
facturing nation exporting finished goods. With this 
policy of industrialisation in view, the Corporacion 
de Fomento de la Produccién were directed to con- 
centrate their resources on the completion of hydro- 
electric plants, the exploitation of the oilfield near 
Punta Arenas, and the construction of the steel plant 
at Huachipato, near Concepcién. The chemical indus- 
try, fishing and other activities were also to be 
developed. A new transport company, styled “‘ Com- 
ia de Transportes Combinados” has been 
ormed in Chile as a subsidiary of the State rail- 
ways. Passenger and goods rates on the railways 





ve been increased by amounts up to 25 per cent. 
as from June 1, 1947. It is expected that two of the 
hydro-electric plants which are being constructed under 
the general electrification plan in Chile will commence 
operations in September. Shortage of water, due to 
several consecutive dry winters, and a scarcity of coal 
have led to the re-introduction of measures to economise 
in the use of electric power, and rationing of current 
has bey vanes. The Caja de Crédito Minero is 
repo! to have approved a five-year for increasi 
coal production in Chile, at a total amen saat 
66,600,000 pesos. 

Colombia, Peru and Uruguay are all important and 
eager markets for British capital goods, but the inrush 
of North American manufactures has resulted in the 
need for discriminatory import control in relation to the 
attenuated foreign exchange resources ; therefore, new 
regulations have been adopted in all these countries, 
giving import priority to capital goods, such as factory 
equipment and transport items. There is still a large 
unsatisfied demand for many manufactures, so that 
the future course of British trade with all three 
countries is likely to be governed more by Britain’s 


This decrease in imports, and the rising prices of steel | ability to export than by their restrictions on imports. 
products which resulted during the war years, gave a| In Colombia, a plan to build an electric power plant 


on the Magdalena River for supplying current to 


uction, which barely reached 20,000 | Bogota and district is now being studied. The new 
and employed about 500 workmen, rose | scheme provides for a much larger plant than the 
;| to some 150,000 tons in 1944, and early in 1945 em- | present station, and aims at 


making the capital inde- 











pendent of fluctuating supplies of water-power at a 


view of the inauguration of the National Steel | high altitude. 
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OPTICAL DRILL CHUCK. 


Tue drill chuck illustrated on this page, although of 
the orthodox type as far as the shank, jaws, etc. are 
concerned, is fitted with an optical system which enables 
the operator to centre the drill spindle exactly over the 
scribed cross marks at which the hole is to be drilled. 
It is claimed that by using it, a competent operator can 
achieve consistent accuracy to within 0-002 in. of the 
scribed centre, and obtain a high proportion of exact 
coincidences. Accuracy of this order is generally 
obtainable only with the aid of an instrument employing 
gauge blocks or dial micrometer gauges, and therefore 
requiring the services of a highly-skilled operator. The 
optical drill chuck, however, is designed to be employed 
as a working tool, and kept in position on the machine 
for everyday use. It has been introduced. by Messrs. 
Machine Shop Equipment Limited, 136-142, Victoria- 
street, London, S.W.1, and international patents are 
pending. At present it is manufactured with alter- 
native shanks of No. 2 and No. 3 Morse taper, and each 
type can be supplied with a chuck of from zero to } in. 
capecity, or from } in. to § in. capacity. The overall 
length for either capacity is approximately 9g in. Fig. 4 
shows the external appearance of the complete chuck. 

It is perhaps hardly necessary to mention that the 
chuck does not compensate for any inaccuracy in the 
drill spindle ; neither does it correct the wandering of 
a drill. The accuracy obtained depends largely on the 
operator and his skill in the approach movements 
commonly referred to as “touching down.” It is 
claimed, however, that in all cases the optical drill 
chuck will increase the accuracy and decrease the work- 
ing time of any operator, although the results will be the 
more impressive the greater the skill he possesses. 
Assuming the shank of the chuck to be properly inserted 
in the spindle nose, the operator moves either the spindle 
or the work table until the centre is approximatei, 
over the scribed cross marks. He then looks wonee 4 
the hole a in Fig. 1, and seen to the left of the casing in 
Fig. 4, and sees a clearly-defined pair of cross lines 
superimposed on an image of the actual cross lines 
scribed on the work. Then, by suitable focusing 
movements and fine adjustments of the machine, he 
brings the two pairs of lines into exact coincidence at 

the point of intersection; the spindle axis is then 
exactly in line with the point marked off on the work. 
Accurate drilling is then secured by repeated light 
approach strokes of the drill point to the work, the 
pressure being gradually increased at each stroke to 
permit the point to findits own centre. This procedure 
is not a specific technique for the optical chuck but, as is 
generally known, is common drilling practice with the 
experienced mechanic. 
ing now with the optical system as shown in 
Fig. 1, the hole a in the cover is coaxial with the eye- 
piece 6, which, in turn, is coaxial with the graticule c 
carrying the cross lines. Behind the graticule is the 
prism d, which directs into the eyepiece the image of the 
cross lines on the work formed by the objective e. 
The magnification of the optical system is about x 8. 
The plug f, which is drilled with three holes on a circle, 
with an angle of 120 deg. between them, acts as a guard 
and prevents the shank of the drill from injuring the 
lens, while allowing sufficient light to reach it. The 
nut g has nothing to do with the optical system being 
merely the usual chuck-withdrawing nut. There are, of 
course, two distinct focusing movements, one for estab- 
lishing the correct relationship of the eyepiece to the 
graticule, and the other for focusing the image of the 
scribed lines on the work formed by the objective. 
The eyepiece } slides axially in a recess in the body of 
the chuck and is moved towards or away from the 
graticule by rotation of the knurled nut 4, which is held 
against the face of a bridge i by two spring-loaded 
plungers j, shown in Fig. 2. The bridge is attached 
to the body by four screws, one of which is seen in Fig. 2. 
As this is below the centre plane of the nut, it appears to 
enter the nut, butit does not, of course, actually do so. 
The eyepiece is prevented from turning, when the nut is 
rotated, by the captive key k, which lies in a groove cut 
in the thread of the eyepiece and visible in Fig. 1. 
The movement of the eyepiece is for focusing the 
ticule cross lines to suit individual eyesight. The 
ocusing of the image of the cross lines on the work is 
effected by raising or lowering either the drill spindle or 
the workpiece. Generally, the chuck is designed for this 
latter focusing at about the same height as the chuck 
will be when the drill is in place. The whole operation 
calls for no particular skill; the chuck is perfectly 
focused when on slightly moving the head there is no 
relative movement between the graticule cross lines and 
the image of the work cross lines. 

The prism d is carried in a cylindrical block 1, housed 
in a recess coaxial with the eyepiece and graticule. The 
prism is held in place by a prism-shaped block o and the 
short grub screw s, a layer of felt packing being inter- 
posed between the prism and the block o. Axial 
adjustment of the block / is effected by the screw r, 
the shoulder of which is held against the bridge piece n 
by the action of the spring m, and once the correct 
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adjustment has been effected, the block is locked in 
position by the screws p, Fig. 3. Two further screws, 
which are set at right angles to the axis of the block 1, 
and disposed above and below the centre line, allow the 
block to be turned about its axis; one of these screws is 
shown in Fig. 3, where it is lettered g. The whole of the 
mechanism is effectually protected by an inverted cup- 
shaped cover attached to the body by four screws. 
The eyepiece-focusing nut projects above and below the 
casing, as seen in Fig. 4. It will be clear from Figs. 2 
and 3 that the body of the chuck is rectangular, with the 
corners rounded off to the internal radius of the cover. 
Successive operations for drilling one hole should be 
done without moving the work relatively to the axis 
of the drill spindle. Thus, if a centre drill is used 
first, this should be changed for the main drilling 
a. and this, in turn, changed for a reamer, if 

hole is to be reamed, without displacement of the 
drill and work. The next hole is centred by appro- 
priate movements of the table and observation of the 
cross lines. If all the holes are in the same horizontal 
plane, it will be clear that no further focusing is neces- 
sary. It is stated that, normally, no special lighting is 
required, though if the machine happens to be situated 
in an unusually dark place, the lines on the work can be 
illuminated with advantage by means of an ordinary 
electric torch held by the operator during the focusing 
operation. 





PAPER MANUFACTURE IN CANADA.—The production 
of newsprint paper in Canada in March last totalled 
372,482 tons, against 334,127 tons in March, 1946. 


EXPORT OF RESISTANCE WELDING MACHINES.—At a 
recent meeting of the manufacturers of resistance welding 
machines (who. form a section of the British Electrical 
and Allied Manufacturers Association), it was stated that 
in spite of the difficulties they are experiencing in obtain- 
ing raw materials, the exports of spot, seam, projection 
and flash resistance welding machines, during the first 
few months of 1947, were greater than the figure for the 
corresponding period of 1946, and, further, that the 
volume of outstanding orders, on both home and overseas 
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account, has been reduced slightly. 


CENTRING DEVICE. 





B58 
ae 
Bei eee 











ANNUALS AND REFERENCE BOOKS. 


Cable and Wireless Limited, Commercial Handbook.— 
The primary purpose of this handbook is to provide for 
business men a guide to the international telegraph 
facilities now available over the 355,000 miles of route 
controlled by Messrs. Cable and Wireless Limited. Full 
particulars of services are given, with a map of the world 
network and se te maps of various sections of it; 
tariffs, rules and regulations, lists of the various offices, 
etc.; and much additional information designed to 
facilitate the most efficient use of the service. It 
should be particularly useful to some of the younger 
men who have returned to civilian life after serving 
with the Forces and have to handle work for which 
they have had no special training. The Handbook is 
obtainable from the Public Relations Office, Cable 
and Wireless Limited, Electra House, Victoria-embank- 
ment, London, W.C.2. 


Fowler’s Architects’, Builders’ and Contractors’ 
Pocket Book.—In the previous edition (1944) of this 
pocket book the publishers introduced an appendix on 
contemporary political and social policies affecting the 
work of architects, builders and contractors. The 


experiment has evidently been successful and in the 


present, fourth, edition, the appendix has been revised 
and enlarged to include recent developments. Only 4 

ing reference is made to the Town and Country 
Planning Bill, 1947, because the edition went to press 
before the Bill was poe. on January 8. The value 
of the a dix will inevitably decrease in this manner, 

ially when, as now, planning abounds. It is still, 
however, a worth-while feature, and it includes informa- 
tion on labour matters, education and training for the 
industry, the supply of materials, and other items of 
current interest. The main portion of the book has 
been partly revised, and the style of drawings im- 
proved. A general note on gas-discharge lamps and 
neon lamps replaces that on arc lamps, but there is still 
some material requiring revision to accord with the 
latest practice. The pocket book is published by The 
Scientific Publishi mpany, 316, Manchester-road, 
West Timperley, Altrincham, Cheshire, price 10s. net. 
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MANUFACTURE OF FUEL-INJECTION EQUIPMENT. 


C.A.V. LIMITED, ACTON, LONDON, W.3. 





MANUFACTURE OF FUEL-INJECTION 
EQUIPMENT. 


Tue firm of C.A.V., Limited, Acton, London, W.3, 
was founded by Charles A. Vandervell in 1890, when he 
established a factory at North Kensington for the 
manufacture of storage batteries for ignition purposes 
and road-vehicle lighting. The works were transferred 
to Acton in 1904, and now occupy about nine acres 
and employ about 3,500 persons. The products include 
fuel-injection pumps and injectors; electrical equip- 
ment for road vehicles, agricultural machinery, railcars, 
marine engines and stationary engines; and fuel-oil 
filters. The manufacture of fuel-injection equipment 
necessitates quantity production of parts which are 
machined and ground to very close limits, and the 
design of the company’s products is improved by 
research carried out in physical, metallurgical, electrical, 
and fuel-injection laboratories. There is also a refrig- 
erator room for cold-starting tests on engines. The 
present article deals with certain manufacturing pro- 
cesses of special interest, the production of fuel- 
injection equipment in a recently-constructed work- 
shop, and apparatus for fuel-injection research. 

The yokes for generators and starter-motors are 
fabricated from flat plate, bent cold to cylindrical form, 
and automatically welded along the seam in a machine 
manufactured by Messrs. John Mills and Company 
(Llanidloes), Limited, Llanidloes, North Wales. The 
yoke is gripped by hydraulically-operated jaws so that 
the two edges, which are bevelled to produce a V 
between them, are held together. The welding elec- 
trode is inserted in the machine, with its end adjacent 
to one end of the seam. A grooved, water-cooled, 
copper block is lowered on to the electrode to guide it 
along the seam and prevent oxidation, by concen- 
trating the gases from the electrode coating. The 
operator strikes an arc by drawing a carbon stick 
across the yoke and the end of the electrode ; the sliding 
door is closed, and the electrode is automatically 
traversed and maintained at the correct distance. 
Each welding unit consists of two of these machines, 
to enable the operator to remove and insert a yoke in 
one, while the welding is p ing in the other. 
a welded in this manner are homogeneous and 
sound. 

The toolroom is equipped with jig-boring machines, 
grinding machines and other machine tools for the 
production of templates, gauges, form tools, jigs, etc. 
Two of these machines are illustrated in Figs. 1 and 2, 
on this page. Fig. 1 shows a Wickman profile- 

rinding machine with optical control, being used 
or grinding a form tool. A machine generally similar 
to this was described and illustrated in our issue of 
January 24, 1947, on page 80, but the present machine 
is shown with the attachment for grinding form tools. 
The attachment consists of a motor-driven headstock 


Prorite GRINDER WITH OpTicaAL CONTROL. 





and a tailstock, mounted on the work-table, and carry- 
ing the form tool to be ground. The operator is shown 
moving the stylus of the pantograph to a new position 
on the large-scale master drawing, after which he moves 
the grinding-wheel to bring its point of contact with 
the form tool in line with the crossed graticules in the 
microscope. Fig. 2 shows a Diaform wheel-dressing 
attachment in use for dressing a grinding-wheel (not 
more than | in. in thickness) to a special form. The 
dressing diamond, which is mounted below the wheel, 
is controlled by a pantograph mechanism, the stylus 
being passed along the edge of a vertical sheet-metal 
——E by the operator. 

The knurled portion of a generator or motor shaft 
is produced by means of a rolling operation in a 100-ton 
vertical hydraulic press. The shaft is placed in a carrier ; 
the ram of the press and the table are each fitted with 
@ flat knurling pad, ‘arid as the ram descends the shaft 
is rolled between the two pads, and is automatically 
ejected at the end of one revolution. This is a rapid 
method of knurling, and it eliminates the risk of twisted 
knurls. Hardening by electric-induction heating and 
quenching is applied to injection nozzle-holder bodies, 
in which it is required to harden the circular top face 
without affecting any other portions. With an input 
of 20 kW, and a heating time of 8 seconds, the surface 
layer of the body, to a depth of 0-04 in., is brought to 
hardening temperature. During this period the body is 
rotated to ensure even heating. A spray quench 
completes the hardening. The machine holds several 
bodies, enabling the operator to insert one and remove 
one while another is being treated. The complete cycle 
takes 15 seconds, allowing 240 components to be 
hardened per hour. 

The company have recently equipped a new shop 
for the production of fuel-injection pumps. The 
machine tools, assembly and inspection benches have 
been arranged to ensure progressive flow of the work. 
As it is impostant t@’ maintain the fine machining 
limits required for fuel-injection pumps, each part is 
passed immediately to an inspection bench, so that, if 
errors arise, corrective action can be taken before many 
more parts have been produced. Along one side of the 
shop is a row of alae for the production of 
the pump bodies and other T parts, and parallel 
to this is a long inspection bench with bins. Between 
each machining operation, each part is returned by 
the operator to the bench for inspection, whence it is 

on to the next machine. The components 
therefore follow a zig-zag path along the shop, conveyors 
being provided, an necessary, to expedite their 
movements. At the end of the inspection bench the 
components are placed in racks for transport to the 
stores or assembly benches. 


Fie. 2. Wueert-Dressine ATTACHMENT. 


terminating at an inspection bench. This arrangement 
is illustrated in Fig. 3, on page 12, the inspection 
bench being in the foreground. Each machinist is 
provided with a hinged seat and a locker, and bar 
material is stacked conveniently to hand in a rack. 
The convenience of inspectors has also been considered 
in the layout of their benches. Wherever practicable, 
gauges are mounted in groups on stands, allowing the 
inspector to present the part to the gauges in turn. 
In some cases it is necessary for one inspector to use 
several gauge stands along a bench, and for this purpose 
the inspector’s seat is mounted on rollers along a track, 
to save time and fatigue. The finished components 
from the machine shop go into a store, and are passed 
out on the other side, as required, directly on to a roller 
conveyor, which propels them forward between each 
stage of assembly, to the final test and calibration on a 
test-bed. The shops are lighted by banks of three- 
unit fluorescent tubes, and are painted, together with 
the machines, in a light shade of green which, in 
combination with the lighting, provides a congenial 
aspect for the employees. The transfer of machines, 
etc., from the multi-storey building previously used 
for the production of pumps, was effected in two weeks 
without interfering with production. 

The multiple boring of a pump housing is illustrated 
in Fig. 4, on 12. The housings are of aluminium 
alloy, and the camshaft, control-rod, and delivery-valve 
holes are bored to a tolerance of +0-0006 in. with 
tungsten-carbide bits having micrometer adjustment 
in the bars. The casting is held by a quick-acting 
clamp on the saddle of the machine. Plug gauges and 
similar tools were formerly finished by lapping after 
grinding, but this is now done by fine grinding alone. 
The gauges are ground with a surface finish of 0-5 
micro-in., and to a tolerance of +0-00004 in. This 
has been achieved by careful balancing of the machine 
and damping of vibrations, and by efficient filtering of 
the grinding coolant. The grinding wheel is a standard 
Norton No. 60L. Improvements in the method of 
drilling spray holes in injector nozzles have also been 
carried out. As the diameter of the drills is only 0-008 
in., and the drilling was formerly done in horizontal 
and vertical drilling machines, in which the operator 
fed the drill means of a hand lever, it required a 
considerable period for a trainee to acquire the neces- 
sary sensitivity of touch. This has been overcome by 
the introduction of the machine illustrated in Fig. 6, on 
page 12. The spindle is fed by a weighted beam and its 
movements are damped by a small dash-pot. The 
weights on the beam and the valves in the dash-pot 
may be adjusted to give the pressure and rate of feed 
required. The nozzle is mounted in a jig which is 
rotated to the angular position required for each 


The parts produced by the smaller machine-tools | hole. 


are placed by the oe on chutes convenient to 
the headstocks, which deliver them to a conveyor belt 





One of the problems investigated in the firm’s labora- 
tories is the measurement of the atomisation in fuel 
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sprays. The fuel injected into an engine cylinder 
must be divided into fine particles to ensure thorough 
mixing with the air. Uniform distribution of the fuel 
and controlled combustion, however, can only be 
obtained if there is a variety of particle sizes. The 
small drops produced in the initial stages of the spray 
facilitate rapid ignition, and the larger drops tend to 
reduce the rate of burning, thus avoi 
rates of pressure rise and ignition knock. It is, there- 
ee Pre on OL 0 tania Se ee ee 
of drops produced by nozzles, a 

method has been evol an a aoe 
wax: is used instead of fuel oil, and it is heated to a 
temperature at which its physical properties correspond 
to of fuel oil. It is sprayed by a similarly- | ‘ 
heated pump and nozzle, inside from the top of a | '™8 
tr t drum. As the spray of melted wax de- 
‘ends, the icles cool and solidify and are collected 
whence they are washed into a vessel. 
The distribution.of drop sizes is determined by sieving 


for the larger sizes, and by sampling, sizing and counting 
for the smaller sizes. 
most interesting research in the 


quired by the 

page 12, and is used for the in rote apres 
in air at high pressures, to the pressures 
obtaining in engine cylinders Sptceteln ean-aeny 
be carried out in air at a i 


Py —— at the eft hand end end. The stmompher 
in cham compressed up to 500 
square inch. Te Seseahe sole: task ict incerted in Wis 
breech at the left-hand end of the chamber, and is fed 
with fuel-oil by the electrically-driven pump which is 
conspicuous in the illustration. 
window, similar to the one shown in the illustration, 
on the rear side of the chamber, and both windows 
are kept clear internally by automatic wipers. A 
camera for obtaining photographic records of ys 
is mounted on the arm which extends to the right in 
the illustration, and the film travels at 250 ft. per 
second on a drum revolving at 4,700 r.p.m. The dura- 
tion of each individual spray is, of course, only a 
fraction of a second, the exact time depending on the 
= of the pump, etc. Nevertheless, in this time, 
ut 20 sparks are generated consecutively at inter- 
vals of about 0-0005 second, behind the chamber, the 
light from each spark passing through an optical 
condenser, through the two windows (between which 
the spray is forming), and thence to the camera. 
Although, as already noted, the film is travelling at 
250 ft. per second, the duration of each spark (one- 
millionth of a second) is short enough to ensure a clear 
photograph. A series of five photographs produced in 
this way and showing the formation of a fuel-oil spray 
is reproduced in Fig. 7, on page 12. No light, other 
than that from the sparks, is, of course, allowed to 
a ms camera during the photographing of a spray. 
tus is very simple to operate, the whole 
late a events in photographing a spray being initiated 
automatically by a set of rotary switches driven by a 
motor. 





“MoDEL ENGINEER” EXHIBITION.—The twenty- 
second “‘ Model Engineer ” Exhibition will be opened at 
the new Royal Horticultural Hall, Vincent-square, Lon- 
don, S.W.1, on August 20, and will remain open for ten 
days. A special feature, this year, will be an arena for 
working models, in which there will be frequent demon- 
strations of model ships and boats, miniature petrol- 
driven racing cars in motion, and model aeroplanes in 
flight. Further information may be obtained from the 
Exhibition Manager, 23, Great Queen-street, London, 
W.C.2. 





THE S.S. “‘ STRATHEDEN ” RETURNS TO AUSTRALIAN 
SeRvVicE.—Following our recent announcement of the 
reinstatement of the 23,700-ton S.S. Stratheden in the 
Passenger service of the Peninsular and Oriental Steam 
Navigation Company, we were afforded an opportunity 
of inspecting the vessel at Tilbury before she sailed for 
Australia on June 27. The Stratheden served as a 
troopship in the recent war and she is the first ship in 
the passenger fieet of the Peninsular and Oriental Com- 
pany to make a post-war voyage in her normal capacity. 
Apart from improvements in the crew’s accommodation, 
little structural alteration was made during reconversion, 
which included removing the boarding used to cover the 
original wooden panelling in the public rooms. The 
main and auxiliary machinery and boilers were over- 
hauled, but except for replacements due to normal wear 
and tear, no repairs or alterations were found necessary. 
As now in service, the vessel has accommodation for 
526 first-class and 453 tourist-class passengers. The 
Stratheden was described in ENGINEERING, on page 681, 
of vol. 144 (1937), and particulars of her machinery were 
given in the previous volume, on page 701. 


THE IRON AND STEEL INSTITUTE. 


As previously announced in our eolumns, a special 
summer meeting of the Iron and Steel Institute will 
be held in Switzerland from Wednesday, July 9, to 
Friday, July 18. On the evening of the first da, 
_ tion will be given by the Canton and Municipality 

jirich in the Kongresshaus, Ziirich, and at 9.30 a.m. 

a he pap ya. 10, the meeting will be officially 
opened in the torium Maximum of the Eidgenés- 
Popa Prahnische Hochschule with on oddeessot welcome 

by Dr. A. Rohn, President of the Schweizerischen 
Schulrates. After a reply by Dr. C. H. Desch, F.R.S., 
President of the Institute, there will be a joint 
on on three pa namely, ‘‘ Electric Smelt- 
> and “ The Production of ioe and Steel with 
-Enriched Blast,” both by Professor R. Durrer, 
Possibilities for the Extended Use of Oxygen 

tm the British Steel Industry,” by Mr. M. W. Thring. 
Two further will then be presented and jointly 
discussed ; the first is ‘‘ H and Transformation 
Characteristics in Steel,” Professor J. H. Andrew, 


by Dr. C. Sykes, F-RS. : 
C. C. Gegg. The meeting will be adjourned at 12.30 
p-m., and the afternoon devoted to a 


the Schweizerische Wagons- und Aufziigefabrik, 
Zirich-Schlieren, and the Swiss Federal Institute for 
Testing Materials. In the evening, a banquet will be 
es at the Kongresshaus, Ziirich. 

Friday, July 11, a second technical session will 
be held. in the Auditorium Maximum at 9.30 a.m., 


three papers, namely, “Steel for Use at Elevated 
Temperatures,” by Dr. C. Sykes, F,.R.S. (Second 
Hatfield Memorial Lecture); ‘“‘ Requirements of Steel 
for the Production of Gas Turbines and Experience 
with Gas Turbines in Metallurgical and Associated 
Plants,” by Mr. H. R. Zschokke and Mr. K. H. Niehus ; 
and “ The Scaling Behaviour of High-Strength Heat- 
Resisting Steels in Air and Combustion Gases,” by Mr. 
W. Stauffer and Mr. H. Kleiber. Finally, Mr. D. A. 
Oliver will give a short outline of Special Report No. 38, 
““A Symposium on Powder Metallurgy,” and of the 
discussion held in London on June 18 and 19. The 
session will close with a farewell address by Dr. A. 
Rohn, to which Dr. Desch will reply. In the afternoon 
visits will be paid to Messrs. Gebriider Sulzer, A.G. ; 
the Schweizerische Lokomotivfabrik, A.G.; and 
Messrs. J. J. Rieter, A.G., Winterthur. 

On Saturday, July 12, there will be visits to Messrs. 
Escher Wyss, A.G., Ziirich, and to the Eidgenéssische 
Technische Hochschule, and the excursions arranged 
for Sunday, July 13, include motor-coach trips to the 
Susten Pass, Innertkirchen, Meiringen, and Etzelwerk. 
The whole of Monday, July 14, will be devoted to visits 
to Solothurn and district, including the works of 
Messrs. Ludw. von Roll’-Schen Eisenwerke, A.G., and 
Zellulosefabrik Attisholz, A.G. On Tuesday, July 15, 
visits will be paid to Messrs. G. Fischer, A.G.; A. J 
Amsler, A.G.; and Schweizerische Industrie-Gesel- 
schaft, A.G., in the Schaffhausen district. Wednesday, 
July 16, to Friday, July 18; will be spent in Geneva 
or in Interlaken and Montreux. On Thursday, July 17, 
the Société Genevoise d’Instruments de Physique, the 
§.A. Ateliers de Sécheron, and the S.A. Ateliers des 
Charmilles, in Geneva, will be visited, and on Friday, 
July 18, a whole-day excursion to the S.A. des 
Aciéries Electriques d’Ugine, Savoy, France, has been 
arranged. 





BOOKS RECEIVED. 


Second Year Radio Technology. By W. H. Dares. 
Longmans, Green and Company, Limited, 43, Albert- 
drive, Wandsworth, London, S.W.19. [Price 7s. 6d. 
net.) 

Harper-Meehanite for Tools, Dies and Moulds. John 
Harper (Meehanite), Limited, Albion Works, Willen- 
hall, Staffordshire. 

1947 Handbook of British Refrigeration Material and 
Refrigeration Catalogue. Modern Refrigeration Offices, 
Empire House, St. Martin’s-le-Grand, London, E.C.1. 
[Price 5s.] 

“ The Metal Bulletin’s”’ British Iron and Steel Directory, 


1947. Metal Information Bureau, Limited, Princes 
House, 39, Jermyn-street, London, 8.W.1. [Price 
5s., post free.) 


British Welding Research Association. Arce Welded 
Structural Steelwork. Part 1. Stanchion Bases, Caps 
and Joints. Recommendations for the Design, Fabrica- 
tion and Erection of Welded Stanchion Details. The 
Director of Research, British Welding Research Asso- 
ciation, 29, Park-crescent, London, W.i. [Price 9d., 





post free.) 





PERSONAL. 
Lorp MoGowan has been elected President of the 
British Standards Institution, 28, Victoria-street, Lon- 
don, 8.W.1, in succession to LoRD WOOLTON. Sm 


a | CLIFFORD PaTERSON, F.R.S., has been elected chairman 


of the General Council in succession to Sm WILLIAM 
LaRKE. 

Mr. W. R. VERDON Smiru has been re-elected President 
of the Society of British Aircraft Constructors for the 
1947-48 session. Sm Roy H. Dosson, O.B.E., F.R.Ae.3., 
has been elected vice-president, while MR. ARTHUR GOUGE 
remains deputy president. 

Mr. J. L. ApaM, C.B.E., M.I.N.A., chief surveyor to 
the British Corporation of Shipping and Aircraft, has 
been elected President of the Institute of Welding, 
2, Buckingham Palace-gardens, Buckingham Palace- 
road, Longon, S.W.1, for the session 1947-48. Dr. J. H. 
PATERSON, F.R.1.C., has been elected vice-president. 

Dr. D. Crayton, M.I.Mech.E., F.Inst.Pet., has re- 
signed his post as officer-in-charge of the Joint Ministry 
of Supply and Admiralty Advisory Service on Lubrication 
to join the Technical Department, Imperial Chemical 
Industries, Limited, Windsor House, Victoria-strect, 
London, 8.W.1, where he will be consulted on lubrication 
and allied problems. 


Mr. T. H. MartiIn-HarRvVeEY and Mr. CHARLES PIPKIN 
have resigned from their positions as deputy chairmen of 


;| British Insulated Callender’s Cables, Limited, as from 


June 30. Mr. Martin-Harvey will continue as a director 
of the company, but Mr. Pipkin has resigned from this 
position. Mr. W. H. McFapzean and Mr. P. V. HunTER 
have been appointed deputy chairmen as from July 1. 

Mr. W. J. McLavGHuin has been appointed secretary 
of the Aluminium Development Association, 33, Gros- 
venor-street, London, W.1, in succession to Mr. E. J. 
Davies, who has resigned. Mr. J. OC. Barry, B.Sc., 
has been appointed technical officer to take over most 
of the duties hitherto carried out by Mr. J. D. BEppows, 
B.Sc., who has resigned to take up an industria] position 
in the Midlands. Mr. P. G. StrupHOLME, B.A., has been 
appointed to the editorial department of the Association. 

TUBE INVESTMENTS LiMiTED, 3, Grosvenor-square, 
London, W.1, announce that Mr. J. HERBERT ASTON, 
one of their original directors, has retired from the board. 
Mr. M. A. Wourr, O.B.E., has resigned his seat on the 
parent board, but retains his appointments with the 
subsidiary companies. Mr. E. AUSTYN REYNOLDS, on 
assuming his executive duties with the projected com- 
pany merging the firm’s aluminium interests, with those 
of the HAWKER SIDDELEY AIRCRAFT COMPANY, LIMITED, 
has relinquished his appointment as an assistant managing 
director, but retains his seat on the board. Mr. MarkK- 
way R. REEVE has been elected a director. 

Mr. W. MASKERY was appointed electrical engineer 
under the chief engineer at the works of the British 
Aluminium Company, Limited, at Milton, Stoke-on- 
Trent, in February, 1946, since when no change has been 
made in the engineering personnel. He is not chief 
technical engineer as erroneously stated on page 498 of 
our issue of June 13. 

Mr. F. R. Carr, sales manager of the accessories 
division of the Dunlop Rubber Company, Limited, has 


. | been made a director of Dunlop Special Products, Limited. 


Mr. R. C. Hiam, O.B.E., who became assistant sales 
manager to the late Mr. Arthur Smith at Fort Dunlop 
in February, has been appointed sales manager (replace- 
ment) of the Dunlop tyre division. 

Masor F. W. Jackson, C.B.E., D.S.0., who became 
fire adviser to the Department of Scientific and Industrial 
Research in January, 1943, and has been attached to 
the Building Research Station and the Fire Research 
Division, has relinquished this position and joined the 
staff of the Fire Offices Committee Fire Protection 
Association. 

Messrs. RICHARD KLINGER, LimirED, Klingerit Works, 
Sidcup, Kent, bave opened a new branch office and 
depot at 19, Queen-street, Newcastle-upon-Tyne. 

, Messrs. ABERDARE CABLES, Limirep, Aberdare, 
Glamorgan, announce that 2 new cable factory is being 
opened in South Africa. It will be operated by ABERDARE 
OaBLEs OF SOUTH AFRICA, LIMITED. 

Messrs. BROOKHIRST SWITCHGEAR, LIMITED, North- 
gate Works, Chester, have removed their London office 





to 54, Victoria-street, Westminster, S.W.1. (Telephone : 
ViCtoria 7014.) 
RATCHET SCREWDRIVER.—Messrs. Speed Tools, 


Limited, Vereker Buildings, Gresse-street, London, W.1, 
have recently developed an all-metal ratchet screwdriver 
which should prove very serviceable, particularly when 
intractable screws have to be withdrawn. The handle is 
of octagonal cross section but the blade is not turned 
by it. A stirrup-shaped lever, which folds up over the 
handle when the tool is not in use, actuates the blade 
ratchet and provides a high torque. The length of the 
tool is 12 in. and the weight 18 oz. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel.—Outputs are still reported to be keeping 
up very well. Last week the output of ingots was a little 
below capacity level, and makers were able to send more 
steel to their customers. A certain amount of ingot 
tonnage is still required for the restocking of makers’ 
reserves. This reserve was lost following the bricklayers’ 
strike last autumn, and was never made up owing to the 
crisis which followed during the early months of this year. 
The demand for plates, particularly thin plates, is far 
greater than the capacity to supply, but the requirements 
of the shipyards and other high-priority users are beim: 
met to within about 65 per cent. of their requirements. 
Sheet mills are being used to relieve the pressure on the 
heavy milis of the steelmakers, but plates rolled in sheet 
mills are only a small fraction of the tonnage needed to 
meet the market requirements, and it will occasion little 
surprise if the Government decides to tighten up the 
priorities and scale down supplies to the less urgent 
consuming trades. Sectional material, although very 
scarce, is not quite so difficult to procure as plates. Bars 
are in short supply and buyers are being rationed closely. 
Steel sheets are only sufficient to supply half the market’s 
full requirements. The famine in semies is one of the 
most immediate and pressing in the whole Scottish steel 
trade, and with outside supplies now virtually non- 
existent it is difficult to see how the position is going to 
improve. 


Scottish Coal.—-Supplies are being heavily curtailed by 
the five-day week, the loss compared with the six-day 
output level being from 35,000 to 40,000 tons a week. 
This is more coal than is required by the steel industry of 
Scotland, and probably as much as is normally absorbed 
by the gasworks. There is little hope of recovering the 
five-day loss of output this year. Expert opinion in 
Scotland is that although the period from September to 
the New Year holidays should yield a rather higher 
tonnage each week, the increase will not compensate for 
the lost Saturday, and the possibility of stocking has been 
considerably reduced in c q It is not expected 
that industries will get through the 
July holiday period without drawing on stocks that should 
be kept intact for use during the winter-demand period. 
House-coal allocations to merchants, which were severely 
cut in recent weeks, were rather better this week, due to 
the fact that the railways and other priorities have been 
given extra coal, but this improvement in house-coal 
supplies is likely to disappear when the customary pre- 
holiday demand for supplies of fuel commences early this 
month. Py 











oa 
unuous-p 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Among the schemes designed to over- 
come the disabilities arising from the shortage of labour is 
that of the Park Gate Company for improving the charg- 
ing and casting facilities at the biast-furnaces. A range 
of charging bunkers 280 ft. long is being installed. The 
raw material will be fed from two wagon tipplers on to 
conveyor belts which will convey them to the bunkers. 
From these the materials will be selected as required and 
discharged into skips for loading into the furnaces. By 
this means the present method of hand-filling will be 
superseded. A casting machine is to be installed to deal 
with the production of iron at times when the open-hearth 
furnaces are not using it. The fuel position continues to 
cause anxiety in the iron and steel trades; the present 
rate of deliveries, in the majority of cases, does not provide 
more fuel than is necessary for current consumption so 
that very little progress can be made in the accumulation 
of reserves for the winter. There is pronounced activity 
in colliery-arch and prop departments which are being 
allowed a larger allocation of coal to enable them to 
accelerate deliveries. Some firms intend to convert mill 
furnaces and boilers to fuel oil, as well as steel-melting 
furnaces, but new licences are being withheld for the 
present. Heavy-engineering departments are getting 
more fully into their stride, and light engineering, includ- 
ing the electrical section, is actively employed and well 
booked. So far, no relief of the prevailing shortage of 
high-carbon steels, which ate required by several branches 
of the industry, has been possible. 

South Yorkshire Coal Trade.—Absenteeism is still rife 
in the coalfield in spite of special appeals to miners by their 
leaders. Even the Yorkshire miners’ leader, Mr. J. A. 
Hall, sees the possibility of a return to the longer working 
week at the pits unless there are fuller outputs from the 
five-day week working. Unofficial strikes are a con- 
tributory factor in the loss of output. The railways are 
pressing for fuller supplies of locomotive hards. ,Washed 
and graded steams are keenly sought and are very scarce. 





Alternative grades are being directed to most sections of sheets, plates, joists, sections, etc., are far in excess of 
the market, but many users decline the larger quantities 
of slurry offered. More coking coal is needed by coke- 
oven operators. “Light additions to coke stocks, however, 


NOTES FROM THE SOUTH-WEST. 
Oarpirr, Wednesday. 
Tie Welsh Coal Trade.—A two-day strike by 4,000 
clerks, weighers and storekeepers at the South Wales 
collieries did not affect production at the mines last week 
to any material extent and caused only slight dislocation 
in dispatch. It was expected that arrears of deliveries 
would be made good very quickly. The strike arose 
because the men wanted their union, the Clerical and 
Administrative Union, recognised as a negotiating body 
by the Coal Board. The men returned to work with an 
assurance that their rights of negotiation had been safe- 
guarded by the Coal Board. A similar strike was 
threatened by colliery officials, the overmen, deputies, 
and shotfirers, who also wanted their Association recog- 
nised by the Coal Board as a negotiating body. Inquiries 
for ships to lift American coal for Britain during July, 
which were circulating on the freight market last week, 
were interpreted on the steam-coal market to mean that 
actual purchases had been made. It was stated that as 
many as 12 ships were required to lift between 120,000 and 
160,000 tons during the month, though fears were 
expressed that the American miners’ strike would inter- 
fere with arrangements. The demand continued brisk for 
all classes on the Welsh steatn-coal market. Supplies of 
all grades were still scarce as deliveries on account of 
existing bookings absorbed almost the whole of the 
collieries’ current outputs. With home demand showing 
no sign of declining, prospects for the export trade were 
poor. Practically the only coals being spared for delivery 
overseas were limited quantities of some of the very 
poorest sorts which were destined for Eire. Some 
anthracites were to be available for Canada. 
Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the more active conditions in the tin- 
plate industry have been maintained. Satisfactory 
quantities have been placed by consumers for delivery 
during the third quarter.of the present year and these 
have increased the orders standing in manufacturers’ 
books to a substantial total. In the export market the 
improvement in the production has permitted larger 
quantities to be sold. The exceptionally strong demand 
for steel sheets is unabated, and makers are so inundated | 
with priority orders that the delivery dates have had to 
be extended. The demand for iron and steel scrap is 
growing and any available parcels of good-quality 
material are promptly absorbed. 





NOTES FROM CLEVELAND .AND - 
THE NORTHERN COUNTIES. 

MIDDLESBROUGH, Wedneseay. 
General Situation.—The end of the half year is a con- 
venient time for taking stock, and at some of the works 
the weight of material in hand is heavier than might have 
been expected. Outside the priority groups, all classes of 
steel consumers have been getting short supplies for 
months past; many in fact are in grave difficulties on 
this account. Yet there are still large tonnages awaiting 
delivery. On the one hand steel production is limited by 
the fuel shortage, and on the other deliveries of finished 
material are held up through inadeq rt 
facilities. Neither difficulty will be speedily overcome, 
but more coal is promised and if it be forthcoming the 
upward trend of iron and steel production will certainly be 

accelerated. 


Basic and Foundry Iron.—The majority of the blast- 
furnaces in this area are engaged exclusively on the pro- 
duction of basic iron. Nevertheless,:the output barely 
suffices for the requirements of the melting shops, and as 
soon as they can be got ready more basic furnaces will be 
re-lighted. Meanwhile, the production of foundry iron is 
negligible and almost all the supplies for the local 
foundries have to be obtained from Northamptonshire and 
Derbyshire. 

Hematite and Low-Phosphorus Iron.—The engineering 
and jobbing foundries have well-filled order books, but 
are handicapped by the scarcity of skilled labour and also 
by the difficulty of obtaining full supplies of the special 
grades of iron required for the production of special 
castings. The output of hematite and low-phosphorus 
iron is fairly constant, but the demand is increasing. 

Manufactured Iron and Steel.—There has been some 
improvement in the weight of home-produced steel semies 
delivered to the re-rolling mills during the past week. 
Supplies, however, still fall substantially short of total 
requirements and hopes of larger imports are now 
discounted by the news that American steel production 
has had to be reduced as a direct consequence of the 
miners’ sttike in the United States. Re-rolled products 
are in urgent demand but most of the mills are working 
irregularly owing to lack of material. Requisitions for 





the maximum capacity of the mills and the heavy cancel- 
lations of! contracts at the end of June 
exemplify the fatility of allocating supplies in excess of 





are being made. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
eolumn shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





RoyaL STATISTICAL Socrery.—-Thursday, July 10, 
5.15 p.m., The London School of Hygiene and Tropical 


‘Medicine,Keppel-street,W.C.1. Annual 


Meeting. 
‘@) Election of President, Council and Officers for 1947-48. 
(ii) Annual Report of the Council and Statemerit of 
Accounts for 1946-47. ' 

InstITuTE oF PHysics.—Industrial Radiology Group : 
Friday and Saturday, July 18 and 19, Electric Lamp 
Manufacturers’ Association, 2, Savoy-hill, Strand, W.0.2. 

on “‘ Methods of Crack Detection.” Friday, 
July 18. 
Betteridge. 


10 a.m., (i) Introductory Address, by Dr. W. 
(ii) “ Radiological 
Etching and Magnetic Methods.” 3 p.m., various works 


Methods.” (iii) “‘ Visual, 
visits. Saturday, July 19. 9.30 a.m., Amnual General 
Meeting of the Group for Members only. 10 a.m., (i) 
“ Eddy-Ourrent Methods.” (ii) “Orack Detection by 
Supersonic Methods,” by Mr. D. 0. Sproule. 


60 ft. by 29 tt. 3 in.; deadweight capacity, about 9,100 
tens. Doxferd five-cylinder opposed-piston oil engine 
to give a service speed of 14 knots. Launch, June 19. 


S.S. “ Rivovia.”—Single-screw trawler built by 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, Yorkshire, for the Rinovia Steam Fishing 
Company, Limited, Grimsby. Main dimensions: 170 ft. 
by 29 ft. 6 in. by 15 ft. 6 in. Triple-expansion engine 
supplied by Messrs. Amos and Smith, Limited, Hull. 
Launch, June 19. 

re BLANKVANN.”—Single-screw cargo vessel built 
by Messrs. Short Brothers, Limited, Pallion, Sunderland, 
to the order of Messts. Jacobeen and Salvesen, Oslo. 
Main dimensions: 441 ft. 6 in. overall by 57 ft. by 
36 ft. 10 in. to shelter deck ; deadweight capacity, about 
9;100 tons on a draught of 25 ft.1}in. Triple-expansion 
engine of reheat type supplied by Messrs. George Clark 
(1938), Limited, Sunderland, associate firm of the North 
Eastern Marine Engineering Company (1938), Limited, 
Wallsend-on-Tyne; to give a service speed of il knots. 
Launch, June 19. 

8.8. “ Hyatia.”—Single-screw turbo-electric tanker, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallseénd-on-Tyne, for the Anglo-Saxon Petro- 
leum Company, Limited, London. Main dimensions : 
550 ft. by 70 ft. by 40 ft. 6 in.; deadweight capacity, 
17,600 tons on @ draught of 31 ft. 8 in. Two turbo- 
alternators driving a synchronous type propelling motor 
of 13,000 shaft horse-power, cee by the British 
Thomson-Houston Company, Limited, Rugby, to give a 
service speed of 16 knots. Launch, June 19. 


M.S. “ DwarKa.”—Single-screw passenger and: cargo 
vessel, built and engined by Messrs. Swan, Hunter, and 

Wigham Richardson, Limited,: Walker; Newcastle-on- 
Tyne, for the British India Steam Navigation Company, 
Limited, London. -Main dimensions: 375 ft. by 54 ft. 
6 in. by 27 ft.; deadweight capacity, about 4,500 tons 
on a draught of 21 ft. 11 in’ Swan, Hunter-Doxford 
five-cylinder opposed-piston Diesel engine. Trial trip, 
June 19. 

M.S. “ THORSHAVET.”—Twin-screw whale factory ship, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for A/S. Thor Dahl, Sandefjord, Norway. Main 
dimensions: 560 ft. by 77 ft. by 39 ft. 6 in. to factory 
deck: deadweight capacity, 21,000 tons on & mean 
summer draught of 34 ft. 6 in. Harland-B. and W. 
six-cylinder four-cycle Diesel engines. Launch, June 19. 


M.S. “ LANGLEESCOT.”—Single-screw cargo vessel, 
built by the Blythswood Shipbuilding Company, Limited, 
Scotstoun, Glasgow, for the Medomsley Steam Shipping 
Company, Limited, London. Main dimensions: 460 ft. 
by 62 ft. 6 im. by 41 ft. 6 in. to upper deck ; deadweight 
capacity, 10,200 tons. Six-cylinder Doxford-type 
opposed-piston two-stroke ofl engine of 6,800 brake 
horse-power, supplied by Messrs. Barclay, Outle and 
Company, Limited, Whiteinch, Glasgow, to give a service 
speed of 15 knots. Trial trip, June 25. 





Import oF MoTor CaRs FROM THE UNITED STATES.— 
Board of Trade figures show that the number of licences 
granted for the import of motor cars from the United 
States, from January 1, 1945, to April 30, 1947, was 346. 
The total number of cars imported from the United States. 
under the licences granted, was 88 ; many of them were 





capacity. 





licensed as gifts. 
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MANUFACTURE OF FUEL-INJECTION EQUIPMENT. 


MESSRS. C.A.V. LIMITED, ACTON, LONDON, W.3. 
(For Description, see page 9.) 
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THE AVAILABILITY OF 
POWER-STATION BOILERS. 
Tue Electricity Bill has passed its third reading 
in the House of Commons, with the result that was 
a foregone conclusion, but not even the Govern- 
ment spokesmen would maintain that this event 
has any practical bearing on the problems of elec- 
tricity supply which are certain to face the country 
in the coming winter. Even if the nation is fortunate 
enough to escape the climatic difficulties of the early 
part of this year and to have available—which is 
not yet assured—adequate stocks of coal to ensure 
that the existing plant can be run for extended 
periods at its maximum practicable capacity, there 
are certain to be problems enough in view if British 
industry is to experience no interruptions of supply. 
Schemes for staggering working hours in order to 
spread the load may be expected to provide some 
relief—at what overall expense, no one seems to 
have attempted to calculate even approximately ; 
but, when there is an actual shortage of generating 
plant, a shortage of current is inevitable and the 

only question is how severe it may prove to be. 
Such is the reliability of the modern power-station 
turbo-generator that its ability to run continuously 
T/ through even a prolonged winter may be taken 
for granted if the steam is available ; but even the 
existence of unlimited coal supplies provides no 
similar guarantee in the case of the boilers supplying 
the steam, and this is likely to constitute the real 
bottleneck in the task of operating the stations for 
long periods at high rating. This problem was 
attracting a certain amount of attention before the 
war, but the interest then shown was rather that of the 
enthusiast striving, con amore, for greater efficiency 
in overall operation than of the technician driven 
by necessity to try to get a quart out of a pint pot. 
If the steam demand was obviously greater than 
could be met, it was usually possible to extend the 


b- | station or to take out old boilers and replace them 


with modern units of higher evaporative capacity, 
occupying substantially the same fioor space. Only 
when war conditions interfered with the supply of 
new boiler plant, while greatly intensifying the load 
on the old, was the problem of improving boiler 





To this end the Boiler Availability Committee 
was formed, comprising in its membership repre- 
sentatives of the leading makers of large steam 
generators, of the Central Electricity Board and 
several of the biggest electricity undertakings, and 
of various research organisations. While the war 
lasted, their investigations could not be discussed 
openly, for reasons of national security, but, since 
the termination of hostilities, they have received 
some publicity, and their contributions, in papers 
and illustrative exhibits to the conference on fuel 
economy, organised by the Ministry of Fuel and 
Power in October last, attracted a great deal of 
attention. The seven papers then presented under 
the zgis of the Committee have since been printed 
in a brochure of convenient size,* following the 
publication of certain portions of the research work 
in similar form, as papers before professional insti- 
tutions, and in the technical Press; and the whole 
constitutes a valuable body of dependable, if some- 
times conflicting, information on a subject which has 
proved to be one of considerable complexity. Within 
the past few weeks, two technical papers have been 
added to the series, dealing respectively with “‘ Ex- 
ternal Deposits on the Heating Surfaces of Boilers,” 
by Dr. H. E. Crossley, of the Fuel Research Station, 
and “The Analysis of External Deposits from 
Boilers,” by Dr. Crossley, in association with Mr. 
A. H. Edwards and Mr. D. Flint, of the British 
Coal Utilisation Research Association. 

As these publications are the last that the Com- 
mittee have in hand at the present time, the occasion 
of their appearance is opportune for a general survey 
of the work that has been accomplished ; but it 
must be admitted that the variety of the data put 
at the disposal of boiler users is such that their 
correct interpretation and application to the circum- 
stances of any particular generating plant present 
some little difficulty. As was observed by Mr. R. 
Llewellyn Rees, the chief chemist. of the London 
Power Company, in the summary of the researches 
which he delivered to the “ Fuel and the Future ” 
Conference, the inquiry ranged over an unusually 
wide field of physics, chemistry and engineering. 
His summary contained a number of useful generali- 
sations, but (to summarise the summary) most of 
them appeared to be marked by the cautious atti- 
tude of that astute philosopher, Mr. Jack Bunsby, 
that “‘the bearings of this observation lays in the 
application on it.” With all the concentration of 
skill and experience that has been,directed to the 
problems before the Committee, it cannot be said 
yet that they have wholly solved the mystery of 
why two seemingly identical boilers in the same 
power station will sometimes show widely different 
periods of availability. Undoubtedly, however, the 
Committee have gone a long way towards achieving, 
in Mr. Rees’s words, “the two-fold purpose of 
mitigating these troubles in existing plants, and of 
discovering so much about their fundamental causes 
that boilers of the future can be designed to avoid 
them, without the rule-of-thumb limitations which 
might restrict development in other ways.” 

The first point that emerges from a study of the 
Committee’s bulletins is that there is no single 
factor—not even the poor quality of the coal, of 
which complaints are so widespread—that can be 
regarded as primarily or principally responsible for 
lack of availability in power-station boilers, any 
more than there is one panacea which can be relied 
upon to improve availability more effectively than 
others. As Sir Johnstone Wright indicated in his 
opening remarks at the “Fuel and the Future” 
Conference, some part of the trouble, due to con- 
tinuous heavy loading, was directly attributable 
to the construction of the grid, which had the 
effect of creating a pool of spare-plant capacity and 
so retarded the installation of new plant. As the 
demand increased, it was found necessary to derate 
a number of boiler plants by as much as 15 per cent. 
to avoid outage, representing u loss to the grid of 


* Seven Papers on Boiler Availability. Bulletin No. 
MO/160. The Boiler Availability Committee. (secretary, 
J. O. Twinberrow, B.Sc.), 14, Old-square, Lincoln’s Inn, 
London, W.C.2. 
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about 250,000 kW. Concurrently, boiler 
advanced in the direction of higher heat-release and 
heat-transmission rates, tending to make some 
boilers, in Mr. Rees’s phrase, “less tolerant of 
deposits ’’ and altering the nature of the deposited 
matter to some extent, making its removal more 
difficult ; and, while the progressive deterioration 
in coal quality was not a paramount factor, it was 
still a serious one. 

Broadly speaking, boilers fired with pulverised 
coal may be expected to run for longer periods than 
stoker-fired boilers ; and the deposits in stoker-fired 
boilers not only form more quickly, but, in general, 
are more difficult to remove. Study of the vores f 
of the problem has brought out some interesting and, 
by many, unexpected factors contributing to this 
broad distinction. The harmful constituents of 
coal—sulphur, phosphorus, sodium and potassium— 
evolved from firebeds, act as cements to cause 
bonded deposits of fly ash; and at the high tem- 
peratures obtaining, in the combustion chamber, the 
fly ash may become fused without such aid. Except 
for such fused deposits, normally formed only in 
the lower banks of generator tubes and, less often, 
on superheaters, all deposits are bonded by sulphates 
or phosphates. Deposits bonded by sulphates are 
removed more easily than those bonded by phos- 
phates, but, in the aggregate, represent a more 
serious problem because they are so widespread. 
The presence of sulphur trioxide has been 
for many years as a probable cause of boiler troubles, 
but it is only since the Boiler Availability Committee 
began their investigation, we believe, that its 
influence has been thoroughly analysed. The 
quantity. present in flue gases is stated to be less 
than one hundredth of one per cent., but it combines 
readily with water vapour to form sulphuric acid, 
causing severe corrosion of air-heater surfaces and 
acting also as an effective binder for deposits. An 
interesting point, however, brought out by the 
inquiry, is the possibility that the acid may condense 
on fly ash and, in certain circumstances, may be 
carried right through the boiler without causing 
corrosion or deposits. This may be one reason for 
the relative immunity of pulverised-fuel plants. 

Another investigation of considerable interest 
related to the observed effect of a luminous flame of 
burning volatile matter in diminishing the rate of 
growth of deposits. It was found that the deposit 
forming constituents appeared to derive from thé 
back of the grate, and not from the front, where the 
volatile matter is burned. The e iment was 
made, therefore, of fitting a liquid-fuel booster to 
a stoker-fired boiler, with the result that the growth 
of deposits was found to be reduced materially. 
The reason is still in process of investigation, but 
the observed effect is perhaps analagous to the 
circumstance, already well known, that pulverised- 
fuel plants using long-flame burners generally 
operate for longer periods than do boilers fitted 
with short-flame burners. 

These are but a few of the many points of scientific 
and operational interest that have been studied in 
connection with the Committee’s work. Their 
incidence in ordinary practice is complicated 

by many other factors, not always amenable to 
measurement or control; not least, the human 
factor, on which the various reports lay repeated 
stress. It was observed many years ago, by a 
marine consultant of high standing in his day, that 
‘the efficiency of a [marine] set of machinery is 
the efficiency of the third engineer.” Some would 
rather say, the second engineer; the detail is 
immaterial, but the principle is sound, and applies 
to power stations on land no less than to those 
afloat. The Boiler Availability Committee announce 
that copies of their reports (other than those pub- 
lished in institution i or in the Press) 
“are available on request to the Chief i 


of Central Power Stations in the British Isles,’’ but | °F 


that “requests for copies from other Companies 
should be made by the chief Engineers to the nearest 
office, representative or agent at home and abroad 
of the manufacturer of the boilers installed.” It is 
to be hoped that the Chief Engineers who alone, 
apparently, are competent to indent for copies, 
will ask for sufficient to ensure that all operating 
staff capable of appreciating the Committee’s admir- 


COAL-DUST EXPLOSIONS. 


Ir has long been realised that a cloud of any 
combustible dust in air may be explosive, and cases 
are on record of destructive explosions caused by 
such materials as flour and finely-divided sugar. 
The possibility of the explosive nature of coal dust 
was suggested as long ago as the year 1803, and 
experience and experiment in more recent times 
have completely established the dangerous nature 
of the clouds of coal dust which may be raised in a 
mine by a comparatively minor disturbance. Two 
methods of dealing with the menace have been 
developed. The first is the application of water 
by means of a spray to the roof, floor and sides 
of mine roads; the second is the dilution of any 
dust clouds which may be raised by spreading 
incombustible dust on the floor and on any ledges 
of the mine on which coal dust may accumulate. 
Watering mine dust is not extensively practised 
in Great Britain ; water does not readily wet the 
dust and, owing to evaporation, spraying has to be 
almost a continuous process. Stone dusting, 
however, is extensively used, and its effective 
application has long been a matter of Ss peeve 
by the Safety in Mines Research 

The position has now been keh in : which “the 
practice of general distribution of stone dust has 
greatly reduced, but not entirely eliminated, the 
incidence of coal-dust explosions in the mines of 
this country.” This statement, by the Mines 
Research Board, must not, however, be taken to 
suggest that all the problems which arise in the 
application of stone dust have been solved and 
that the matter has settled down to one of routine 
practice. This is so far from being the case that 
experimental work on the subject is continually 
in hand, and each issue of the annual report of the 
Board contains a section dealing with the progress 
of the research. It is necessary to study these 
interim accounts to keep abreast with the subject, 
but it is clearly desirable that from time to time 
more extensive reports should be prepared dealing 
with the matter in greater detail than is possible 
in a section of an annual report. A publication* of 
this type has recently appeared. As will be seen 
from its title, it is concerned with the manner in 
which stone dust is distributed in a mine. This is 
probably the most important aspect of the whole 
matter, but the nature of the stone dust used may 
also have a significant influence on the result. 

It is almost obvious that the effect of stone dust 
in suppressing an explosion of coal dust will be at 
its maximum if the coal and stone dusts are inti- 
mately mixed when a disturbance occurs which 
results in the raising of a cloud. A condition of 
this kind may, however, be almost impossible to 
attain, or maintain in practice. Even with the 
most careful laying of the stone dust, it is likely 
that a layer of coal dust may form on the surface 
of the mixture and it has been shown that with an 
igniting source of low violence an explosion may 
be propagated by coal dust which it raises from a 
surface layer only four-hundredths of an inch thick, 
even when it rests on a stone-dust deposit nine 
times its own weight. In the earliest regulations 
issued in connection with stone dusting, it was 
required that the two dusts should be intimately 
mixed, but it is doubtful if this sound theoretical 
requirement can ever have been attained in practice 
and it is stated in the report that the growth of 
more intensive working and more concentrated 
transport of coal underground have made it more 
difficult than ever to ensure. 

As a matter of practical procedure, the best 
way to ensure that as far as possible the coal and 
stone shall be raised in a cloud together, is to apply 
the stone dust frequently and in small quantities 
“little and often,” as the report puts it. A 
further important safety precaution is to take all 
practicable steps to reduce the production and dis- 
persion of coal dust. This procedure is required by 
the current regulations, but their interpretation may 
be very different in different mines and, in any case, 
the winning of coal is a dust-producing operation 


* The Prevention of Coal Dust Explosions. Part I. 
The Effect of Manner of Distritrution of Stone Dust. 








able work are given the opportunity to do so. 
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and is likely to remain so. It is suggested in the 
report that more intensive mining methods, coupled 
with a tendency towards greater cleanliness in 
mine roadways, may increase the segregation of 
coal and incombustible dust, particularly the settling 
of layers of coal dust over stone dust which has 
already been placed. The sampling of mine dusts, 
required by statute, may show that stone dusting 
has been carried out to give an adequate overall 
percentage but it cannot give assurance that 
dangerous layers of surface coal dust do not exist. 
The particular experiments which are described 
in detail in the report were made with a cylindrical 
steel gallery, 4 ft. in diameter and 325 ft. long. 
Most of the work carried out in this country during 
the last twenty years or so has involved the use 
of smooth steel galleries of this type, and although 
they are obviously markedly different from a mine 
roadway, it is believed that conclusions drawn 
from experiments made in them are applicable to 
mine conditions. This opinion is supported by the 
fact that results obtained are in general agreement 
with those furnished by tests made in an experi- 
mental mine roadway by the United States Bureau 
of Mines. To be effective in preventing the initia- 
tion or spread of a coal-dust explosion, it is necessary 
that the stone dust be raised in the air ahead of 
the explosion flame. If the dusts are intimately 
mixed, both reason and experiment indicate that 
they will be raised together, but this intimate 
mixture rarely exists in practice. There will 
nearly always be some segregation and danger 
may arise either by greater areas of coal dust than 
stone dust being exposed to the blast of an incipient 
explosion, or by the coal dust being more readily 
raised than the stone dust to form a cloud. 

The experiments described covered four types of 
dust distribution: intimate mixture; alternate 
zones of coal dust and stone dust ; alternate zones 
with mixtures of different proportions of coal and 
stone; and roughly mixed dusts. Two igniting 
sources were used consisting of a cannon and a 
lew-concussion igniter. This latter igniting source 
simulated the comparatively mild firedamp explo- 
sions which may occur in mines and cases in which a 
pre-formed coal-dust cloud is ignited. Incidentally, 
it is of interest that a more violent explosion, as 
produced by the cannon, is less likely to result in the 
propagation of a coal-dust explosion than is the 
more moderate detonation, for the reason that it 
will raise the stone dust more effectively. A further 
series of experiments was undertaken in which coal 
dust was spread as a layer on top of stone dust. 
This undesirable condition may well occur locally 

d. The results showed that even when 
the proportion of stone dust in the total dust laid 
was as much as 90 per cent., the surface coal layer 
resulted in the flame being propagated throughout 
the gallery. An extreme condition of this kind, 
with a surface layer of coal dust over an entire mine 
roadway is, however, unlikely to occur in practice. 

In the experiments in which stone and coal were 
spread in alternate strips, zones of various lengths 
were tried. The general result found was a small 
but definite increase in the risk of explosion with 
short zones, as compared with intimate mixture, 
presumably because the stone dust dispersed less 
readily than the coal dust, resulting in a propor- 
tionately larger amount of coal in the cloud. With 
long zones, the coal dust and stone dust tended to 
remain as separate “plugs” moving along the 
gallery and the flame died out at a point where the 
cloud was sufficiently rich in stone dust. The report 
states that the practical effect of this phenomenon 
is not clear and that it would be premature to look 
upon it as indication of increased safety. In the 
investigation employing alternate layers of mix- 
tures of different proportions, zones of 80 per cent. 
coal and 20 per cent. stone alternated with 20 per 
cent. coal and 80 per cent. stone, were laid. The 
results obtained fell about half-way between those 
given by intimate mixture and complete separation. 
The roughly-mixed dusts, used in the fourth series 
of experiments, corresponded with those likely to 
be found in practice when stone dust is distributed 
by hand. The general result was that the propor- 
tion of stone dust required to suppress the flame was 
from 5 to. 10 per cent. higher than was necessary 








with intimate mixture. 
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NOTES. 

Drexct-Viston StEREOsCOPIC PHOTOGRAPHS. 

An exhibition of photographs, which can be seen 
in full stereoscopic relief without the use of any 
ancillary apparatus, has been held this week at the 
London Exhibition Centre, Leicester-street, W.C.2, 
by Deep Pictures, Limited, 150, New Bond-street, 
London, W.1. The photographs shown included 
portraits, full-length figures, motor cars and magni- 
fied images of insects, a wrist-watch movement, etc., 
all of which were very effectively displayed. The 
process employed was invented, some tei years 
ago, by M. Maurice Bonnet, a French physicist, 
and has been introduced to this country recently 
by Mr. P. Koch de Gooreynd. The technique 
employed differs somewhat according to the subject, 
but may be explained briefly in connection with 
portraiture. For this purpose, the camera is swung 
through an angle of 32 deg. in the horizontal plane 
with the subject as centre. In the camera, between 
the lens and the photographic plate, is a grid 
formed of narrow cylindrical lenses placed with 
their axes vertical, and during the angular movement 
of the camera some 40 exposures are made auto- 
matically, the result being that the image received 
on the plate is in the form of a large number of 
narrow vertical strips, each taken from a slightly 
different aspect. The plate is developed and fixed 
in the usual way and any number of direct-contact 
prints can be taken from it. For viewing, a print 
is mounted on a perfectly flat surface and over it 
is placed a sheet of glass supporting a film of trans- 
parent plastic material, the surface of which is 
formed into very narrow semi-cylindrical ridges. 
The film must be mounted so that the ridges are 
exactly parallel to the strip images on the print. 
Owing to the optical effect of the semi-cylindrical 
ridges on the plastic film, each of the observer's 
eyes sees a different part of the print, corresponding 
to a different aspect of the subject, and the mental 
combination of the two images produces true 
stereoscopic vision. The pictures are certainly most 
striking and effective, particularly when made up 
as transparencies. At present they can be made in 
three sizes only: 30 cm. by 40 cm., 24 cm. by 
30 cm., and 18 cm. by 24 cm. The pictures are 
intended for use, in place of ordinary photographs, 
for commercial, educational and general purposes. 


Tue TecunicaL ComMMITTEE OF LLOYD’s REGISTER. 


To provide for representation of the Shipbuilding 
Conference, the Institution of Electrical Engineers 
and a number of trade associations not previously 
included in the membership, the Technical Committee 
of Lloyd’s Register of Shipping has been recon- 
stituted and, according to information received from 
the Society, held its inaugural meeting under the 
revised constitution on June 12. Sir Frederick 
Rebbeck was elected chairman, with Mr. P. B. 
Johnson and Mr. Charles Connell as vice-chairmen. 
The committee then appointed a panel of ship- 
builders and naval architects to co-operate with the 
Chief Ship Surveyor (Mr. RB. B. Shepheard) in 
revising the Rules for steel ships. In addition to 
the chairman and the deputy chairman of Lloyd’s 
Register, and the chairman of Sub-Committees of 
Classification, who are ex officio members of all 
committees, the membership now includes a 
representative each from the American, Danish, 
Dutch and Swedish branch committees of Lloyd’s 
Register ; five shipowners, three underwriters and 
four shipbuilders and engineers, nominated by the 
General Committee ; two shipbuilders, one engineer 
and two superintendents, nominated by the Tech- 
nical Committee ; five representatives of the Ship- 
building Conference ; and 19 members nominated 
by professional institutions, the British Iron and 
Steel Federation, the Honourable Company of 
Master Mariners, and various trade associations. 


RgsTRICTIONS IN Execrricrry SupPLy aND TARIFF 
ADJUSTMENT. 

When electricity is supplied on a two-rate tariff, 
consisting of a fixed periodical charge with an addi- 
tional charge per kilowatt-hour consumed, the aver- 
age overal] price payable per kilowatt-hour rises 


assumed some importance, owing to the restrictions 
which were imposed in February, 1947. It is 
therefore proposed, as the result of consultations 
between the Ministry of Fuel and Power, the Elec- 
tricity Commissioners and the Electricity Supply 
Associations, that when the average price per 
kilowatt-hour paid by an industrial consumer 
during that month was in excess of the appropriate 
flat tate, that flat rate may, if desired, be adopted 
as an alternative. Moreover, as it appears probable 
that the staggering of working hours and other 
adjustments of load may reduce the consumer’s 
maximum demand, it is proposed that the standing 
charge should be based on the monthly maximum 
demand instead of that taken over a longer period ; 
and that this monthly charge should not exceed 
one-twelfth of the existing annual charge plus 
10 per cegt., or such higher figure as may be agreed 
with the Commissioners. Where private generating 
plant is installed for stand-by purposes and the 
connection to the mains is maintained, the charge 
for this connection is not to exceed the capital charges 
appropriate to its capacity. In addition, the sup- 
plies actually taken will be charged at the normal 
standard tariffs. Any restrictions on the installa- 
tion or use of private generating plant should, it is 
thought, be waived, except in so far as they may be 
necessary on technical grounds. The electricity 
undertakings are being asked to give favourable 
consideration to these proposals in view of the impor- 
tance of all practicable steps being taken to avoid 
or minimise load shedding during the coming 
winter. 


InsTITUTION OF NavaL ARCHITECTS. 


The autumn meeting of the Institution of Naval 
Architects will be held at the Municipal College, 
Portsmouth, on Tuesday and Wednesday, Septem- 
ber 23 and 24, and at the Civic Centre, Southampton, 
on Thursday and Friday, September 25 and 26. 
The first day of the meeting, at Portsmouth, will 
be devoted to the reading and discussion of papers, 
morning and afternoon sessions being held. A visit 
to the Admiralty Experiment Works, Haslar, and 
an evening coach trip to Chichester and Goodwood 
have also been arranged for that day. On Wednes- 
day, September 24, there will be visits to H.M. 
Dockyard and to H.M.S. Victory and Museum, and 
a launch trip round Portsmouth Harbour. In 
addition, a visit to Bridgemary Housing Estate, 
Gosport, has been arranged. The morning and 
afternoon of the first day of the meeting in South- 
ampton, Thursday, September 25, will be occupied 
in the reading and discussion of papers, and, in the 
evening, a coach trip to Winchester or the New 
Forest, or, if possible, a visit to a liner in port, 
are being arranged. On the last day of the meeting, 
Friday, September 26, a visit will be paid to the 
Woolston Works of Messrs. John I. Thornycroft and 
Company, Limited. The visit will be followed by a 
short sea trip in the M.S. Vecta. The programme 
of the whole meeting will be arranged to permit 
members attending to travel daily by train between 
London, Portsmouth and Southampton, if desired. 
Members who wish to participate in the meeting 
are asked to notify the secretary of the Institution, 
10, Upper Belgrave-street, London, 8.W.1, of their 
intention, not later than July 15. 


Tue ProressionaL Ciasses Arp CounctIL. 


The Professional Classes Aid Council—even better 
known among the institutions represented on it as 
the “ P.C.A.C.”—exists to relieve distress the 
professional classes, as its title indicates, but its 
spedial service lies in the fact that wide terms of 
reference and a policy based on extensive experience 
enable it to assist many professional men and 
women, and their dependants, whom other funds 
cannot help by reason of restrictive clauses, lack of 
funds, etc. Practically every London engineering 
institution of importance is represented on the 
Council, which is in a position, therefore, to perform 
a great deel of valuable co-ordination as well as 
disbursing financial assistance. The 26th annual 
report, recently issued, is not directly comparable 
with those of previous years as, for administrative 
reasons, the financial year has been altered to end 
on April 30 instead of March 31, as hitherto; the 





as the consumption decreases. This point has 


which 10,3501. was expended on relief, as against 
9,5511. in the preceding 12 months. The total 
expenditure amounted to 13,4451., which was 155i. 
more than the income. A point of some im 

to this and similar organisations is the effect of the 
conversion terms of nationalised undertakings, 
holdings in which have been recognised trustee 
securities; not only will the reduction in yield 
increase the need for assistance, but, in many cases, 
it will reduce the funds available to provide the 
aid that is sought. 


Tue Swiss Mercuant Navy. 


Until 1939, Switzerland adopted the practice 
of chartering foreign vessels for her imports from 
overseas countries, which average one million tons 
per annum, and it was hoped that it might still be 
possible to continue to proceed in this manner during 
the recent war, especially in view of the fact that a 
time-charter contract for 15 Greek tramp steamers, 
having an aggregate tonnage of about. 120,000, 
had been concluded some time prior to the outbreak 
of hostilities. When the war came, these vessels 
were given a guarantee of non-requisition by the 
belligerents. As war operations developed, however 
it was found necessary to create a small merchant 
fleet under the Swiss flag to secure more easily 
immunity at sea and to facilitate access to the porte 
of discharge. A little later, other ships were added 
to the fleet for the purpose of transporting goods, 
for the relief of prisoners of war and others, adminis- 
tered by the Red Cross and St. John Organisation. 
Under the Convention of Barcelona of 1921, coun- 
tries without a seaboard are allowed to conduct 
shipping business under their own flag, and, in 
pursuance of this, the Swiss Government issued a 
decree on April 9, 1941, creating the Swiss Merchant 
Navy. The essential provisions of the decree 
are in accord with maritime law regulating such 
matters. The port of registry for all Swiss ships is 
Basle ; they are entered in the Register of Swiss 
Ships kept by the Office for Maritime Navigation in 
Basle, which office superintends the whole of Swiss 
shipping. The Swiss fleet, which is now owned 
entirely by private firms, consists of six ships, 
making together 44,160 tons. All the vessels, we 
understand, are somewhat old except the 8.8. St. 
Cergue, built in 1937, at the yards of Messrs. William 
Gray and Company, Limited, West Hartlepool. 
She belongs to Messrs. Suisse-Atlantique §.A., 
Lausanne, which company is associated with 
Messrs. André et Compagnie, S.A., also of Lausanne, 
a grain firm founded in 1877. Messrs. Suisse- 
Atlantique have now ordered from Messrs. William 
Gray and Company, Limited, a new vessel and 
particulars of this motorship, the Général Guisan, 
which was launched on June 19, will be found in the 
“Launches and Trial Trips ” column on page 547 
of our issue of June 27. 


Tue Panama CANAL. 


The completion of the duplication of the Atlantic 
and Pacific entrance locks to the Panama Canal, 
approved in August, 1939, has been delayed as a 
result of the recent war. As recorded in our columns 
on several occasions, the new locks will be at some 
distance from the existing locks, and the excavation 
of the approach channels, to connect the new locks 
with the existing Canal, constitutes the first stage 
of the scheme. The excavation of the new Gatun 
locks, on the Atlantic side, has been completed, but 
work on the new Miraflores and Pedro Miguel locks, 
on the Pacific side of the Canal, has been slowed 
down. Nevertheless, the annual report of the 
Governor of the Canal, for the fiscal year ended 
June 30, 1946, shows that 1,935,200 cubic yards of 
material were excavated from the approaches to the 
new Miraflores locks during the year under review, 
that the total excavation up till June 30, 1946, was 
9,153,600 cubic yards, and that the new Miraflores 
lock project was then 87-7 per cent. completed. 
In the past, the removal of landslides from the 
Gaillard Cutting, in the vicinity of Culebra, has 
given a great deal of work to the dredging division 
of the Canal, but in recent years these earth move- 
ments have been much less frequent. During the 
past year, however, 149,900 cubic yards of material 
were removed from the canal bed near Culebra by 





report, therefore, covers only 11 months, during 





two dredgers, one of which worked for eight days 
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and the other for 35 days. The gradual return of 
the world’s commerce to more normal peace-time 
conditions is reflected in the statistics relating to 
Panama Canal traffic. Thus, in the fiscal year 1946, 
the number of ships passing through the Canal was 
3,747, totalling 23,926,245 gross tons and carrying 
14,977,940 tons of cargo. nding figures for 
1945 were 1,939 vessels, 11,426,602 gross tons and 
8,603,607 tons of cargo, and for 1944, 1,562 ships, 
8,048,116 gross tons and 7,003,487 tons of cargo. 

Exgcrricrry Suppry rx NortHErN IRELAND. 

Important proposals affecting the supply of 
electricity in Northern Ireland are contained in a 
White Paper, which has been presented to Parlia- 
ment by the Minister of Commerce (Senator the 
Rt. Hon. Sir R. Nugent), and was published on 
Thursday, June 12. It is recommended that the 
generating stations owned by the Government 
shall be transferred to the Electricity Board of 
Northern Ireland. This will reduce the number of 
generating authorities to three: the Board itself 
and the Corporations of Belfast and Londonderry. 
It is further proposed that the primary responsibility 
for co-ordinating generation should be entrusted to a 
Joint Electricity Committee with statutory powers. 
This Committee will consist of a chairman appointed 
by the Minister of Commerce, the city electrical 
engineer of Belfast, and the chief engineer of the 
Electricity Board. Their duties will be to direct the 
day-to-day operation of the stations owned by 
Belfast and the Board, to frame generation joni 
ment schemes, to pool the energy generated and 
tosellit tothe distributing authorities, and to arrange 
with the Eire Electricity Supply Board for the 
exchange of supplies. On technical questions, the 
Minister will be assisted in coming to a decision 
by a panel of, say, three eminent electrical engineers 
whom he will appoint on the advice of the President 
of the Institution of Electrical Engineers. While, 
for the time being, the generating station at 
Londonderry is to remain in operation, the Govern- 
ment is advised that substantial economies could 
be secured by linking the undertaking of that city 
with the high-tension network served by the base- 
load stations at Belfast and Ballylumford. It is 
therefore stipulated that the Corporation shall study 
the relative costs of local generation and bulk 
supplies ; and it is hoped that as a result they will 
decide to link the city to the high-tension network 
which is planned for Northern Ireland as a whole. 
Finally, it is pointed out that while 58 out of the 
60 towns and villages with populations of 500 or 
over already have a supply of electricity, the difficult 
task of supplying isolated farms and dwellings still 
remains to be undertaken. To assist towards its 
solution it is recommended that the present demand 
for guarantees shall be discontinued. During the 
next few years, however, development will be 
restricted owing to the supply position ; and at the 
end of that time financial considerations may 
impose a bar to progress. Nevertheless, the Govern- 
ment will take all such steps as may then appear 
necessary to enable development to continue without 
interruption. With that end in view, a system of 
loans, which will allow the purchase and installation 
of equipment on easy terms, is to be instituted. 





TECHNICAL AND SCIENTIFIC REGISTER.—We have 
received a copy of a leafiet explaining the scope and 
functions of the Technical and Scientific Register of the 
Ministry of Labour and National Service. The Register 
is a branch of the Appointments Department of the 
Ministry and is available for assisting persons having 
certain technical and scientific qualifications to find 
suitable employment. Copies of the leafiet are obtainable 
from the Secretary, Appointments Department, Technical 
and Scientific Register, York House, Kingsway, London, 
W.C.2. 





UNESCO AND INTERNATIONAL UNION OF MATHE- 
MATICS.—A proposal to set up an International Mathe- 
matics Union was warmly supported by a meeting of 
mathematicians from Europe and America, held at the 
United Nations Educational, Scientific and Cultural 
Organisation, Unesco House, 19, Avenue Kléber, Paris, 
16e, on June 24, under the auspices of the Mathematical 
Society of France. The next step in the creation of the 
Union will be taken in October, when the Mathematical 
Society of France will call a meeting of representatives 
of various national mathematical bodies which will be 
empowered to set up an international organisation. 





LETTERS TO THE EDITOR. 


THE DESIGN OF COMPOUND 
CYLINDERS FOR HIGH-PRESSURE 
SERVICE. 


To THe Eprror or ENGINgERING. 


Sm,—Mr. W. R. D. Manning’s article on the above 
subject, published in your issue of May 2, 1947, on 
page 349, is very timely in so far as it applies to the 
discussion of vessels for high-pressure service, and 
the author is to be congratulated on the clarification 
which he has made of. some of the mathematical 
considerations associated with the general problem. 

In discussing such equipment it may be appro- 
priate to disentangle the considerations of produc- 
ing the cylinders, openings and ends, together with 
the application of the appropriate formule which 
indicate the condition of stress in the designs and 
the application of the most available and appro- 
priate materials to use from the considerations of 
theories of failure of materials. In this way, it 
will be much easier to allocate that part of the 


problem which can be relied upon from experience, | represen 


and apply it properly to our use. In the meantime, 
the general considerations which may evolve from 
testing can be diligently pursued so that our theories 
may lose their questionable qualities and become 
facts of applicable value or be abandoned. For 
instance, if we select a relatively short pressure 
vessel with which to prove a theory by testing it to 
failure we shall invariably find, if it is properly 
designed and built, that it will burst at a value 





assume some of the characteristics of lead at 
atmospheric temperature. 

Mv reasoning which indicates this, and which 
has been fairly well backed up by observations and 
by a study of tests which cover more than a lifetime , 
is as follows. S ing we draw a line which 
represents the condition of steel from absolute zero 
to its melting point, as in the accompanying dia- 
gram. This temperature range is from about 
— 460 deg. F. to + 2,800 deg. F. I have placed 
along the line the various temperatures indicated 
at different points in its length. Does the same 
theory of failure apply all along this range? The 
general idea is that at absolute zero steel is very 
rigid and at melting point it has entirely lost this 
property. In the first instance, it will require much 
force to fracture it and in the second it has no 
tensile or shear strength. Its resistance to being 
compressed, if securely contained, may yet be great. 
It is believed that there is not an abrupt change at 
any point along this temperature range. 

A second line has been drawn of the same length 
on the diagram, which represents aluminium, the 
melting point of which is about 1,200 deg. F., and 
a third line of the same length has been drawn 
ting lead, the melting point of which is 
about 620 deg. F. On each of these lines, represent- 
ing three different metals, has been placed the normal 
atmospheric temperature location and these points 
have been extended by vertical dotted lines which 
cross the horizontal lines in the diagram. When 
steel is under a temperature consideration at 
60 deg. F. it coincides on the aluminium scale with 
— 190 deg. F. and on the lead scale with — 300 deg. 
F. Similarly the temperature of 60 deg. F. on the 
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above what the Lamé or the Barlow formule and 
the material strength will indicate. Tests of steel 
vessels two diameters long have shown bursting 

from 12 to 15 per cent. higher than similar 
tests made from a longer vessel using another portion 
of the same original cylinder. « This not only applies 
to bursting pressures, but also to measured stresses 
at the yield of the steel of such vessels. The reason 
is the restraining action of the ends of properly 

i short vessels. 

It may be a very precarious matter, therefore, to 
base a theory of failure when the formule applied 
to calculate the stresses do not represent the actual 
values of the maximum stress. It is now becoming 
a well known fact that a thick steel vessel will 
invariably fail with very little stretch of metal, 
while a thin steel vessel will invariably take on the 
shape of a barrel, if properly designed and built. 
I am co ing steel of, say, 3 in. and over in 
thickness with steel of, say, 1 in., and under in 
thickness. In between 3 in. and 1 in. we should 
expect a compromise of what the extremes give. 

We have now been over 100 years di 
theories of failure of materials. “Although progress 
has been made, there is still a great deal of con- 
fusion. In spite of this I wish to point out that we 
have not been held up in the use of material by lack 
of knowledge of theories of failure. We have 
devised simple testing mathods for materials and 
have produced various designs with these materials 
which, by testing to failure using a service type 
method or by experience of actual service, have 
produced sufficient facts to maintain progress. 

I now wonder which theory applies to the failure 
of what materials. I ask myself is it not possible 
that one theory may apply to steel, another to 
aluminium, and still another to lead for a given tem- 
perature? I believe that this can be so. Moreover, 
I imagine that at ordinary temperatures steel may 
follow one theory of failure while, for instance, at 





1,100 deg. F., it may follow another theory and 


lead scale coincides with + 330 deg. F. on the 
aluminium scale and + 1,130 deg. F. on the steel 
scale. May I say that I have a theory that it is 
probable that along any vertical line in the diagram, 
the various metals may have the same characteris- 
tics of failure and each one may be different at 
atmospheric temperature. If I knew that this were 
true it would not be a theory any longer, but would 
assume the quality of a fact. I do not know it to 
be true, but I do know that each of the metals 
indicated has been used at atmospheric temperature 
to develop theories of failure. The point I wish to 
make is this: we may be trying to measure off a 
yard by using the unknown length of a piece of 
string. 

I wish to state some other facts. Materials fail 
due to stress application in shear or in tension, but 
never in compression. Structures may fail in one 
of several ways, as, for instance, by buckling, by 
twisting, by pulling apart, by wear, by corrosion 
and by various combinations of two or more of those 
enumerated. The criteria as to when failure will 
oceur due to load application only, may be dependent 
on the total energy expended, by the total shear 
energy, by the maximum tensile stress applied, by 
the maximum strain applied, by the maximum shear 
applied, or a combination of those stresses and 
energies represented by the shear and tension 
tendencies for failure due to load. Some very able 
thinkers and technicians have spent considerable 
time on this general problem. 

I think that Mr. Manning has made some very 
pertinent observations in his article. They are 
worthy of being followed through to their logical 
conclusions. Some of them are being applied 
already. 





Yours faithfully, 
T. MoLzan JaspEr. 
Askwith, near Otley, 
Yorkshire. 
June 13, 1947. 
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EFFECT OF CENTRIFUGAL FORCE 
IN AXIAL-FLOW TURBINES. 


To THE Eprror oF ENGINEERING. 

Sm,—In my previous letter, published in your 
issue of June 13, on page 505, I had to point out that 
Mr. Atkins misquoted my efficiency remark con- 
tained in my article, on page 205 of ENGINEERING 
for March 21; Mr. Atkins, in his letter on page 527, 
of June 20, attributes to me a statement that “‘free- 
vortex flow and constant specific-mass flow are 
distinct types of flow, and that therefore free vortex 
flow cannot exist.” I made no such statement. 
In my article I said: “in existing so-called free- 
vortex designs free-vortex flow, as defined by 
equations (8) and (9), cannot exist ”; and, again 
in my letter, on page 505, of June 13, I stated that 
radial equilibrium and constant specific-mass flow 
is not achieved in the known so-called free-vortex 
designs. 

As Mr. Atkins has not proved any of his conten- 
tions and instead continues to misquote my state- 
ments, I am afraid no useful purpose would be 
served by my continuing to discuss with him this 
problem of free-vortex flow. Mr. Atkins, in his 
letter on page 527, of June 20, stated that on page 
499 of War Emergency No. 12, Institution of 
Mechanical Engineers, is quoted an everyday 
turbine efficiency and he considers it quite respect- 
able. The turbine efficiency quoted there is 
“estimated to be about 87 per cent.” This is 
qualified by the next sentence: “The efficiency 
considered here is defined'as work done divided by 
isentropic heat drop from the inlet total head 
pressure to the outlet total head pressure and there- 
fore assumes that the leaving energy can be fully 
utilised.” In other words, the stated “‘ turbine 
efficiency ” is not the conventional turbine efficiency 
at all. The particulars given in the lecture referred 
to are not sufficient to establish correctly the conven- 
tional turbine efficiency, but assuming 1,000 ft. per 
second leaving velocity, representing about 20 
B.Th.U. per Ib., a figure quoted in that lecture, we 
can make an approximate calculation. The quoted 
6,000 h.p. and 50 Ib. per second mass flow indicate 
that 85 B.Th.Us. per lb. of gas have been converted 
into mechanical work ; we can then write (barring 
the negligible reheat) 

gm = 9°87. 
where / is the conventional available heat drop ; 
we calculate then A=117-7 B.Th.U. per Ib. 
The conventional turbine efficiency would then be 


equal to 77 > 72-3 per cent. and that is for a 


blade height of over 3 in. In view of insufficient 
design particulars in the lecture, I am not in a 
position to say whether a turbine efficiency of this 
modest order is “‘ quite respectable ” or not. 
Yours faithfully, ° 
B. POCHOBRADSEY. 
Fraser and Chalmers Engineering Works, 
Erith, Kent. June 26, 1947. 





Puysics OF ADHESION.—The review of the present 
state of knowledge of the physics of adhesion, referred to 
on page 511 of our last volume (the issue of ENGINEERING 
for June 13, 1947), has been supplemented by the publi- 
cation of Bulletin No. 54 for June, 1947, by Messrs. Aero 
Research, Limited, Duxford, Cambridge. This Bulletin 
deals with the conditions which arise when two bodies 
differing in their elastic properties and connected by an 
adhesive are subjected to change of temperature, when 
the resultant differential strains will give rise to residual 
or locked-up stress. The Bulletin, apart from its lucid 
treatment of the subject, is of value for its extensive 
list of references to published material on it. 





GAUGE AND Too. Exports.—The Gauge and Tool 
Makers’ Association, Standbrook House, Old Bond- 
street, London, W.2, have recently issued an excellently- 
illustrated export catalogue, printed separately in 
English, French, Spanish and Portuguese. The catalogue 
is, in effect, a directory to the British gauge and tool 
industry, since it deals with the technical aspects only of 
the products illustrated, prices not being quoted. 
Although some 14,000 copies thave been distributed 
already, the Association will send a copy, in the appro- 
priate language, free on request from overseas. In the 
case of inquiries for copies from firms or persons in Great 
Britain, 2s. 6d. per copy will be charged. 





THE INTERNATIONAL 
RAILWAY CONGRESS, 
LUCERNE. 


As announced on page 551 of our issueof June 27, 
1947, the fourteenth session of the International 
Railway Congress Association was held at Lucerne, 
Switzerland, from June 23 to 28. The selection of 
Switzerland as a meeting place for the first post-war 
session was particularly happy. Not only did it 
coincide with the centenary year of the opening of 
the first Swiss railway, but also, being held in a 
country which has fortunately escaped the ravages 
of war, it was a cogent reminder to the delegates, 
many of whom came from less fortunate countries, 
of the state of efficiency to which railway transport 
can be brought. 


PROGRAMME OF THE SESSION. 

The session was opened with a meeting in the 
Great Hall of the Congress House, Lucerne, at 9.30 
a.m. on Tuesday, June 24. Mr. W. Meile, President 
of the Swiss Federal Railways, and President of the 
Swiss Executive Committee for the session, wel- 
comed the delegates ; and Dr. Philippe Etter, Presi- 
dent of the Swiss Confederation, and President of the 
meeting, greeted the delegates on behalf of the 
Swiss Federal Council. Mr. F. H. Delory, President 
of the International Railway Congress Association, 
and general manager of the Belgian National 
Railways, speaking on behalf of the 500 delegates, 
thanked Dr. Etter for his interest and support, 
and, after referring to the renewal of the Association’s 
activities since the war, introduced the subjects for 
discussion at the session. He then proposed Mr. 
Meile as President of the session. Mr. Meile acknow- 
ledged the honour paid to him, his country, and the 
Federal Railways, and reviewed the functions of 
railways throughout the world and the tasks which 
faced them at the present time. 

The delegates divided into four sections to 
discuss the conclusions which each rapporteur 
had prepared from the reports submitted by railway 
companies and administrations, on the four subjects 
chosen for discussion at the session. These sectional 
meetings were held on the mornings of Wednesday, 
June 25, and Thursday, June 26, and, in each 
case, the conclusions, as finally modified to accord 
with the views of the delegates, were submitted to 
the plenary meeting of the session which was held 
on Friday, June 27. Some slight amendments were 
approved at this meeting, and the conclusions 
were ado On .Wednesday, June 25, the 
delegates who travelled to Ziirich to visit engineering 
works, were conveyed in light-weight coaches of 
the Swiss Federal Railways, which were hauled by 
the Brown Boveri 2,200-h.p. gas-turbine loco- 
motive,* and later in the week they were able to 
examine it—the first gas-turbine locomotive in the 
world—while it stood in a siding at Lucerne station. 
On Tuesday, June 24, and Wednesday, June 25, 
the delegates were entertained in the evening 
by a concert given in the Park du Monument 
du Lion by the Collegium Musicum of Ziirich. 
The principal social event of the week was the 
dinner given in honour of the delegates, by the 
Swiss Federal Council and the Executive Committee 
of the Session. It was held on Thursday, June 26, 
at the Lucerne Festival Pavilion, and was followed 
by a folklore festival, in which railwaymen and 
others entertained with characteristic national 
music, dancing and displays. On the afternoon of 
Thursday, June 26, an excursion was arranged for 
delegates to travel, on the Rotkreuz-Cham line, on a 
replica of the first train to run on Swiss soil. On 
Friday evening, June 27, the Swiss Executive 
Committee for the session entertained the delegates 
at a ball held at the Lucerne Casino. 

Two of the four subjects chosen for discussion at 
the session were of engineering interest: Question 
No. 1, Sleepers (different types, maintenance 
methods, and financial comparison); and Question 
No. 2, Reduction in the weight of rolling-stock (by 
choice of the method of construction, the use of 
special steels, and the use of alloys). The latter 





* ENGINEERING, vol. 155, pages 138, 159 and 179 
(1943). 





question was also considered separately, with parti- 
cular reference to light and colonial railways. 


Raitway SLEEPERS. 
The report on behalf of English-s ing countries 
was prepared by Mr. J. C. L. Train, M.C., M.I.C.E., 
Chief Engineer of the London and North Eastern 
Railway, from the replies submitted by 24 manage- 
ments, out of a total of 45 who were approached. 
Mr. O. Leduc, Chief Civil Engineer of the French 
National Railways, reported on behalf of the 39 
managements who supplied positive information, 
out of a total of 96, speaking languages other than 
English, who were approached: The special report 
for the delegates to the session, consisting of a 
summary of the two reports, was prepared by Mr. 
J. Van Rijn, Chief Permanent Way Engineer, 
Belgian National Railways, and the following 
account is based on the special report, with some 
additional information derived from the original 
re lo 
The problem of determining the most suitable 
material for sleepers has been influenced considerably 
by the war, and the resultant shortages. In many 
countries there is a large number of sleeper replace- 
ments awaiting attention; the French National 
Railways, for example, estimated that they re- 
quired 25,000,000 sleepers to make up for the 
neglect of the war years. Timber and steel are 
almost everywhere in short supply, but alternative 
materials, such as concrete, are not yet firmly 
established. Wood is still the most popular material 
for sleepers: 90-4 per cent. of the tracks being 
thus laid, whereas only 9-2 per cent. are laid on 
metal sleepers, and 0-4 per cent. on concrete 
sleepers. Apart from a few colonial railways, 
where wood deteriorates rapidly, on only three 
systems—Switzerland, Turkey and South Africa— 
do metal sleepers account for more than 30 per cent. 
of the total number. Even in steel-producing 
countries, the use of metal sleepers has not been 
extended since the war, despite the wood shortage 
and the fact that steel can be used instead of wood 
on most lines. This may be due to the more urgent 
demands for steel to repair war damage. The use 
of concrete for sleepers is, in most cases, only 
experimental, and due to the shortage of timber. 
Only three systems report more than 100 km. 
(62 miles) of track laid with concrete sleepers. 
There is a general tendency to decrease the spacing 
of sleepers ; up to 1,700 sleepers per km. being used 
on heavily-loaded lines carrying high-speed traffic. 
Sleepers are also placed closer together at joints, 
and sometimes, when the sleepers are of metal, a 
double type is used. For standard-gauge track, the 
optimum dimensions of wood slee give 
maximum stability—are about 8 ft. 2} in. to 8 ft. 
10} in. for the length, 9% in. for the width, and 
4} in. to 6} in. for the thickness. Each railway, 
however, stipulates acceptable dimensions and limits. 


Woop SLEEPERS. 

In timber-producing countries, the indigenous 
kinds of timber are generally used, for economic 
reasons, but railways which are obliged to import 
timber use both hard and soft woods. Hardwoods 
are generally more suitable when the rail is laid 
directly on the sleeper, but when chairs or sole-plates 
are used, soft woods are acceptable. The shortage 
of timber during and since the war has compelled 
many railways to accept softer woods than they 
normally use. Railways seldom own or exploit 
forests themselves, but usually buy sleepers cut to 
specified dimensions. The specification also usually 
requires that sleepers must have a flat lower surface, 
no serious wanes on the upper surface, limited 
curvature, a limited amount of sap-wood, and, in 
soft woods, a large proportion of heart-wood. 
The sleepc-s are laid heart-side down, except in the 
case of a few railways. © 

Seasoning periods for the timber varies between 
about 8 and 12 months, according to the climate. 
Drying ovens are used only in a few cases. Split 
sleepers are reinforced by bolts, or § irons, some 
companies fitting these when the sleeper is new, so 
as to prevent splitting rather than correct it. 
Successful experiments have been carried out with 
mild-steel hoops which are put on cold while the 





sleeper is compressed. The processes of adzing 
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and drilling the sleepers are mechanised in most 
countries. Although impregnation of the timber 
with preservative is a firmly established practice, 
Mr. Train noted that about two-thirds of the 
railways reporting to him do not use impregnation. 
Tar-oil or creosote is the usual preservative, but 
owing to shortages, various métal salts are also used. 
They have the disadvantage, however, that the 
electrical resistance (for track-circuiting) is decreased, 
whereas créosote does not have this effect. 

Bull-head section rails are necessarily laid on chairs, 
in which they are wedged by wood or metal keys. 
In the case of flat-bottom rails, many railways lay 
them directly on hardwood sleepers, adzed at an 
inclination of 1 in 20. To reduce the cost of main- 
taining the fastenings, and the wear on the sleepers, 
metal sole-plates are often used on lines carrying 
heavy traffic. In such cases, the fastening may be 
direct, thus fulfilling the double function of securing 
the rail to the sole-plate and the sole-plate to the 
sleeper ; or there may be separate fastenings for each 
purpose. The latter method is more secure. The 
1 in 20 cant is incorporated in the sole-plate, which 
is laid on the level surface of the sleeper. Coach- 
screws or spikes are used for fastening the sole- 
plates (or the rail, if sole-plates are not used) to the 
sleepers, but with both fastenings the rail or sole- 
plate wears away the surface of the sleeper. Spring- 
spikes, which have been tried on some systems, 
appear to overcome this defect. The French 
National Railways have found that coach-screws 
which project through the underside of the sleeper 
reduce the electrical resistance between the rails, 
especially in wet weather or with certain types of 
ballast, and they also tend to work loose more 
quickly, by rubbing on the ballast. 


BatLastT AND ScraPPInc oF SLEEPERS. 

No railway stipulates the use of a particular 
ballast with wood sleepers, but it is important to 
maintain it in a clean condition, and it must be 
renewed at specified intervals, to prevent the wood 
of the sleepers from rotting, and to maintain the 
level of the track. The principal factors which 
determine the life of a wood sleeper in service, are 
mechanical wear and the concomitant successive 
re-adzing which reduces the thickness, and splitting 
and rot, one or both of which may prevent effective 
tightening of the fastenings. Mr. Leduc also 
reported that quite serious damage is done to sleepers, 
especially newly impregnated ones, by burning 
cinders from locomotive ashpans. He also consi- 
dered that all the factors which operate to reduce the 
life of a sleeper should be “ balanced ” to suit the 
circumstances, so that they would tend to condemn 
the sleeper for scrapping or regrading, at about the 
same length of service. Thus, with soft woods 
mechanical wear usually operates before the other 
factors, and impregnation is therefore not so 
important, except where bull-head rails and chairs 
reduce mechanical wear; on main lines carrying 
heavy traffic, impregnation must be associated with 
sole-plates and good fastenings, otherwise mechanical 
wear would be the predominant factor, and on secon- 
dary lines where traffic is light and wear consequently 
small, the impregnation must be good if rot is not to 
condemn the sleepers before they are worn to the 
permitted limits. Many railways replace individual 
sleepers, when necessary, although it is becoming 
more general to replace all the sleepers in a given 
section of line simultaneously. The old sleepers are 
then sorted and graded for tracks of less importance, 
or for other uses. 

(T'o be continued) 





WaR-TIME ACTIVITIES OF MESSRS. GLENFIELD AND 
KENNEDY.—The issue of the “ Glenfield Gazette ” for 
June, 1947, No. 3 of Vol. 27, published by Messrs. Glenfield 
and Kennedy, Limited, Kilmarnock, takes the form of a 
special edition entitled “‘ War Activities.” This hand- 
somely-illustrated journal should prove of special interest 
to many of the firm’s overseas friends who were neces- 
sarily unaware of what was being done by them during 
the war. The account given of the main activities of the 
firm is illuminating but cannot be dealt with here. It may 
be said, however, that they included such unusual 
tasks as the provision of emergency floodgates for the 
London Underground Railways, the supply of main 
propelling engines for “‘ Liberty ” ships and H.M. Cor- 
vettes, 6-pounder anti-tank guns, extrusion presses for 
explosives, etc. 





INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 


Tx Annual Convention of the Incorporated Munici- 
pal Electrical Association was held at Bournemouth 
from Monday, June 23, to Friday, June 27. This 

iation was formed in 1895 for the of 
promoting the interests of municipal electricity supply 
undertakings ; and between the wars its annual gather- 
ings were largely attended by the engineers and com- 
mittee members connected with those undertakings, as 
well as by a number of visitors representing official, 
manufacturing and other interests. With the passing 
of the Bill now before Parliament, however, the muni- 
cipal ownership of electricity undertakings will cease, 
and the future of the Association is therefore uncertain. 
In some form or other it could undoubtedly fulfil a 
useful function, but the qualification for membership 
will have to be altered and the character of its work 
must change. The meeting, the proceedings of which 
are reported below, is thus likely to be the last in 
its present well-known form, an event which must be 
recorded with some regret. 

The formal proceedings opened on Tuesday, June 24, 
when a meeting was held in the Pavilion; and a Civic 
Welcome was extended to the delegates by the Mayor 
of Bournemouth, Councillor J. W. Moore, J.P. 


PRESIDENTIAL ADDRESS. 

Mr. J. 8S. Pickles (County Electrical Engineer, 
Dumfries County Council) then delivered his presiden- 
tial address. He said that it could be assumed 
that the Electricity Bill would become an Act 
during the present session of Parliament. He would, 
therefore, underline some aspects which would require 
consideration in the coming period of change-over and 
re-organisation. After coal, electricity supply was the 
greatest single factor in the internal economy of the 
country. Nevertheless, it was not a big industry in 
terms of employment, its 120,000 of personnel compar- 
ing with 700,000 in coal mining and 1,400,000 in rail- 
ways and other forms of transport. The existing 
authorised undertakings comprised 365 local autho- 
rities, 195 companies and eight joint authorities, and 
the annual output had increased from about 21,000 
million kWh in 1939 to over 32,000 million kWh in 
1945. It could fairly claim a proud record of past 
achievement, an enterprising post-war programme and 
the fullest confidence in its ability to meet all needs. 
It was in this atmosphere that, in November, 1945, the 
Government’s announcement of the intention to nation- 
alise the industry was made. 

The Association had always stood for public owner- 
ship, but it was concerned about the form the proposed 
re-organisation should take and the part that local 
authorities should play in it. The local authority- 
owned electricity supply undertakings supplied nearly 
two-thirds of the output and served two-thirds 
of the consumers. Their invested capital amounted 
to 500,000,000. Local authorities had also created 
organisations with strong roots ii every area and 
with an immensely valuable local goodwill. This 
system was too valuable to be lost ; and the greatest 
efforts hall been made to secure for local authorities an 
administrative responsibility at local or district level. 
These efforts had failed so far; and it was anticipated 
that local authorities would only have a consultative 
role in the structure. 

Nationalisation was a policy for which a good case 
could usually be made out in theory. It appeared 
attractive and it was easy to visualise a co-ordinated 
policy, unified control and integration with other 
industries. It was urged, particularly with reference to 
the electricity gypply industry, that it would replace 
the present large number of undertakings by a smaller 
number of more rationally chosen units, the present 
multiplicity of tariffs by a more uniform code, and the 
present divergence of voltages and systems by agreed 
standards. It was also urged that the working condi- 
tions, welfare and training of the personnel could be 
improved, that research could be co-ordinated and 
extended, that large-scale operation would bring 
economies in various ways and permit of wider distri- 
bution and better service. The problem was to find a 
practical solution approaching as nearly as possible to 
these ideals. Nationalisation could do no more than 
provide the framework and the necessary facilities. 

The main structure of the proposed organisation 
consisted of a chain of public boards responsible to 
the Minister and him to Parliament. The main 
difficulty with such ies was to combine public 
responsibility with commercial enterprise. Local 
authority undertakings had, however, in a large degree, 
overcome these conflicting interests; and the industry 
had operated successfully under a public body in the 
form of the Central Electricity Board. The type of 
board, whick consisted of one or two full-time members 
and a number of part-time members, seemed most 
suitable for the electricity supply industry, as being 
more likely to be responsive to public opinion, to view 





problems dispassionately, and, having decided on 
policy, to leave its application to executive staff who 
were free from sectional pressure of any kind. From 
the Bill it was clear that the powers retained by Parlia- 
ment through the Minister were extensive and if 
rigidly applied could embarrass the free operations of 
the boards. Experience with the Central Electricity 
Board, however, indicated that the Minister woul 
seldom find it necessary to use his formal powers. 
Although a Treasury guarantee could not be obtained 
without inevitable strings, it was also to be hoped 
that general control would suffice, especially as, of all 
industries it was proposed to nationalise, the electrica| 
industry was the most prosperous and involved thc 
least financial risk to the Government. 

The Bill gave the Central Authority rather tight 
control of the Area Boards, but it was to be hope«| 
that they would be afforded the maximum freedom of 
operation within a definite policy. The Area Boards 
appeared likely to be made up of a full-time chairman 
and possibly a full-tixae deputy chairman, the members 
being part-time and presumably free from executive 
responsibilities. The selection of the right men for 
these was of supreme importance. The Area Con- 
sultative Councils were rather large bodies, the success 
of which was viewed with some doubt. A channel by 
which the public could influence policy was vital, but 
there was at least a possibility that duplication or 
confusion with the Area Boards’ functions might creep 
in and some alteration might be necessary in the com- 
position or functions of these bodies. 

When the Bill became an Act it was to be presumed 
that the Central Authority and the Area Boards would 
be appointed without much delay. They would 
require time to establish headquarters, to gather staff 
together and generally to put themselves in a position to 
control the industry effectively. Then the Minister 
would declare a vesting date on which existing 
authorised undertakings would cease to exist. It was, 
however, inconceivable that any kaleidoscopic change 
could take place overnight in the daily routine of the 
industry. Continuity must be preserved ; and it was 
not unlikely that, with suitable control by the Boards, 
existing organisations would be required to carry on 
as semi-independent units pending the gradual forma- 
tion of the new district units. Such a process might 
take some years before the ultimate pattern was 
complete. During this transition period local authori- 
ties might be required to act as agents of the 
Boards for those Tor ions in which it was impracti- 
cable to make a clear-cut break immediately. 

On the generation side, umably, the Central 
Authority would set up a technical body, not perhaps 
differing materially from the present technical organi- 
sation of the Central Electricity Board. The Bill 
appeared to contemplate the ultimate separation of 
responsibility for generation and main transmission 
from that of distribution. Opinion varied as to the 
necessity of this separation, it being argued that it 
would be more efficient for generating stations to be 
operated by the Area Boards. On the distribution side, 
it appeared probable that the Area Boards would 
establish an executive staff at area level and would then 
decentralise by the formation of self-contained district 
units responsible for the day-to-day operation and 
routine. The present higher executive staff would 
ultimately find their responsibilities enlarged in some 

and restricted in others. At lower levels the 
staff would not feel the change so early and perhaps not 
to the same degree. Some general standardisation of 
technical practice should be possible fairly quickly. 
Broad uniformity of general policy would also be 
practicable within a comparatively short time, but the 
elimination of many existing detailed variations 
might take appreciably longer. While all this was 
proceeding, the industry could not stand still. New 
generating plant extensions must not be delayed, new 
grid lines would be needed, consumers must be given 
the necessary day to day service, wages and working 
conditions might require adjustment and settlement, 
and in innumerable ways continuity must be main- 
tained. Obviously, most existing organisations, either 
ig their present or modified form, would be required 
to carry on until the new Boards completed their 
plans. It was obvious that the Association could not 
continue under its present constitution Any recon- 
stitution would have to embrace all local authorities 
and it would have to be considered whether it would 
not be more practicable for existing local authority 
associations to cater for these interests. 


Power Station PRacTIcE. 

In the afternoon, a paper on ‘‘ Recent Developments 
in Power Station Practice’ was read by Mr. F. W. 
Lawton. In this paper, the author reviewed the 
changes which had taken place in power station design 
since 1938 ; and said that the most important develop- 
ments had been associated with steam at higher 
pressures and temperatures, accelerated by rising fuel 

ices. Owing to the deterioration in the quality of the 
Fael and to the large proportion of obsolete plant in 
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commission, the average overall power station efficiency 
in this country had remained practically constant for 
about ten years. The highest yearly station load factor 
reached had been 88-28 per cent. and the lowest number 
of men employed for operation and maintenance, 1-3 
per 1,000 kW of maximum demand. The chain-grate 
stoker appeared at present to be limited to an evapora- 
tive capacity of 250,000 Ib. Yast hour with optimum 
steam conditions of 900 deg. F. and 900 Ib. per square 
inch; and the cult of the retort stoker was declining. 
Pulverised-fuel firing was on the increase for large 
boiler units and the spreader stoker was invading the 
realm of existing firing methods. Boiler sizes in this 
country did not exceed 500,000 Ib. per hour evaporative 
capacity, while in America boilers of 1,000,000 Ib. had 
been built. In this country the draining type of super- 
heater was gaining in popularity, as was the standardisa- 
tion of terminal conditions for boilers and turbo- 
alternators. Feed-water conditioning was of growing 
importance as higher steam conditions were used ; and 
alloy steels became in superheater tubes and 
steam pipes. The arrangement of the steam piping 
had become a major consideration with the higher 
pressures and temperatures, as had the design of the 
low-pressure turbine blading. Thermal expansion of 
the turbine rotor and cylinders had to be guarded 
against. 

Cooling tower and condenser design were intimately 
connected and the economic vacuum was of the order 
of 28-5 in. Larger cooling towers were likely in the 
near future on economic grounds. Controversy 
concerning the generation of the auxiliary electrical 
supplies and the several methods of obtaining variable 
speeds from fans and pumps still prevailed and local 
considerations must be relied upon for a decision. 
Direct generation at 33 kV had proved satisfactory, 
but there was an increasing tendency to step up from 
a lower generation voltage to 132 kV for transmission 
over long distances. Fire precautions depended much 
on station lay-out and plant design and, save for 
segregation, there were few general principles capable 
of universal adoption. Air-break auxiliary switchgear 
up to 3,300 volts and 150 MVA breaking capacity was 
a recent development. This was a contribution to 
fire precautions, as was air-blast switchgear for voltages 
above 33 kV. Between these limits oil-immersed 
equipment held the field on economic grounds. Hydro- 
gen cooling of alternators was economically justified 
at an average yearly load factor exceeding 40 per cent. 
for machines in excess of 50 MW capacity. 

District heating associated with the main power 
station heat cycle was not generally favoured. A 
separate plant having heating as its main function and 
generating electricity as a by-product was generally 
more satisfactory. With larger and more s i 
machine sizes, station lay-outs were becoming more 
uniform and power station architecture was b ing 
more individualistic, and less prone to imitate contem- 
porary or medizval architecture. Gas turbines were 
not likely appreciably to exceed the efficiency of 
modern steam turbines, and the increased cost of their 
operation was offset by the reduced capital charges. 
Their use was therefore likely to be confined to peak-load 
working. 

The discussion on this paper was opened by Mr. 
J. W. J. Townley, who said that the Central Electricity 
Board often required a new station to be constructed 
in sections. The engineer naturally wished to design 
the scheme as a whole, but local authorities preferred 
that se te tenders should be submitted for each 
section. The result was that the station finally became 
something of a m He therefore ap to 
local authorities to recognise that stations uld be 
treated as a whole ; and that engineers were doing right 
in duplicating existing contracts. The tendency to-day 
was towards the use of the highest steam pressures 
the boiler drums would stand and of a considerable 
pressure drop between the boiler and the turbine sto 
valve. This meant a gieat saving in capital cost with 
no great loss of heat energy. There seemed to be two 
schools of thought regarding the best method of ensuring 
that the boiler had the same hours of availability as the 
turbine. It was, however, all a question of w the 
boilers should come down for cleaning, and there was 
some doubt whether the soot blower was being used 
correctly. In spite of the fact that some manufac- 
turers did not like the radiographic examination of 
welded joints, he was of opinion that the method at 
least gave some information and an assurance that 
serious risks were not being taken. 

Dr. 8. Whitehead di with the author’s 
observations regarding the complexity of the pneumatic 
equipment on air-blast circuit breakers. As regards 
surge testing, it should be mentioned that it was not 
at present possible to tell whether the machine or 
apparatus had the test or not. He believed 
that the possibility of damage to good insulation 
by an unexpectedly severe test under trying conditions 
was small. It was, however, such an important 
matter that it would repay extensive research. 
Mr. R. A. S. Thwaites referred to the papers on 














boilers which had been presented to the Centenary 
Meeting of the Institution of Mechanical Engineers ; 
and said that those on British, American and Conti- 
nental practice all arrived at much the same conclusions. 
He supported the author’s view that designs for power 
stations should be functional and that engineers should 
not be forced to abandon belt conveyors to please the 
Fine Arts Commission. He was glad that author 
was definitely opposed to the use of the main plant 
in a generating station for district heating. Either 
pass-out turbines should be used or there should be a 
separate thermal station with electricity as a by- 
product. It might be economic in some cases to use 
the heat pump to provide district heating, employing 
the warm water discharged from the condensers as a 
source of heat. He believed that the gas turbine would 
be the future method of generating electricity in peak- 
load stations, owing to its low capital cost, compara- 
tively small space occupied and the small quantity of 
cooling water required. As Professor Cockcroft had 
stated that within twenty years we should have atomic 
power stations, they should not commit themselves 
too deeply on lay-outs and sets that would be installed 
in ten years’ time. 

Mr. F. Nicholls said that as the result of the war our 
— was at least six years behind that of America. 

that country they were planning to use coal with 
6 to 10 per cent. of ash and were appalled when they 
heard that we had to deal with anything up to 25 per 
cent. of ash and in some cases even more. It was 
therefore incumbent on the Coal Board to ensure that 
the electricity supply industry had a steady supply 
of fuel with a reasonable amount of ash. 

Mr. W. N. C. Clinch did not share the author’s view 
that a ot of 900 lb. per square inch and a tempera- 
ture of 900 deg. F. would necessarily give the best 
results. When pulverised fuel was used, it was generally 
possible to prevent the pyrites from passing into the 
combustion chamber. There was a need in this country 
for closer attention to the design of cooling towers, 
and, when pulverised fuel was used, to the removal of 
soot without having to lay off the boiler. The electri- 
cally assisted safety-valve was a remarkable improve- 
ment on other apparatus of this kind. Gas turbines 
might be installed to deal with peak loads on those 
Parts of the grid where the maximum demand came on 

or relatively short periods. 

Mr. H. Pryce-Jones said that as 66-9 per cent. of the 
new generating capacity was scheduled for pulverised- 
fuel firing, the problems of dust arresting and dis 
must be faced with vigour. Gas washing was entirely 
unnecessary. If the arresters were effective and the 
chimneys were sufficiently high, any material that was 
emitted was comparatively harmless and if it were 
not visible there were usually few complaints. Electro- 
static precipitators were often incapable of the abnormal 
burden imposed upon them during soot blowing, which 
in the case of a large station might go on almost con- 
tinuously. They were also inadequate when there was 
a high carbon content in the ash. To improve the 
position he suggested that a mechanical and electrical 
precipitator should be placed in series. This greatly 
increased the efficiency of the installation, as the 
larger carbon particles were removed before reaching 
the electrostatic precipitator. Another advantage, 
where regenerative air heaters were employed, was 
to reduce the tendency for large amounts of dust 
to be entrained in the forced-draught ducts. He was, 
however, doubtful whether the electrostatic precipitator 
had an annual efficiency of 96-5 per cent. as stated in 
the paper. The dust having been collected, the next 
problem was to dispose of it. At Brighton he was 
adding water, so that it could be loaded into straight- 
sided ho barges and discharged into the sea at 
the rate of 60 to 70 tons per minute. 

Mr. J. F. Field said that the present efficiency of the 
generation process—which was only 21 ae cent,— 
could not be tolerated as the output of electricity 
increased. Even 30 per cent. was not. good enough ; 
and he hoped that under the new Board, research would 
be undertaken to investigate the possibility of doubling 
it. He did not think that the gas turbine would be 
suitable for this purpose, since as soon as the atiempt 
was made to render it more efficient it was necessary 
to install heat exchanges. He believed it would be 

ible to improve the efficiency of steam utilisation, 

t not by the present methods. Thermodynamic 
efficiencies of 70 per cent. or more had been worked 
out on paper; and practically it was already possible 
to obtain figures of 40 per cent. to 45 cent. In 
this connection, the price of metal had cited as 
a drawback, but surely it would be better to use 
expensive Nimonic steel if by so doing thousands of 
tons of coal could be saved. 

In the evening a reception was given to those attend- 
ing the Convention by the Mayor and Mayoress of 
Bournemouth, while on Wednesday, June 25, whole-day 
excursions were made to the Isle of Wight and other 
places of interest in the neighbourhood. 


(To be continued.) 





THE ROYAL NORFOLK CENTENARY 
AGRICULTURAL SHOW. 


As a rule we are unable to spare space to record 
the activities of local agricultural societies and the 
like, interesting, and even sometimes important, as 
these may be. The exhibition organised by the Royal 
Norfolk Agricultural Association and held this year at 
Keswick Park, near Norwich, on Wednesday, June 25, 
and Thursday, June 26, may, however, be recorded 
since the Association was founded in 1847 and the show 
of this year is therefore of the nature of a centenary 
celebration. In the past, the great agricultural 
engineering firms were usually responsible for displays 
of engines, threshing machines, baling machines, etc., 
but they have of late years ceased to show them, 
with the result that the engineering displays are on a 
smaller scale, and are, moreover, in the main, shown 
by agents or factors. Such a practice at a local centre 
and for an exhibition of two days’ duration only is 
appropriate enough, and it does, after all, give visitors 
to the show an idea of what the machines, etc., look 
like and where they can be obtained without the need 
for correspondence with a large engineering firm at 
probably some more distant centre. We refer below to 
a few of the exhibits at the centenary show to give 
gome idea of what the engineering displays consisted of. 

A hay and straw baler manufactured by Messrs. 
Fisher, Humphries and Company, Limited, Pershore, 
Worcestershire, shown by Messrs. G. F. and R. 
Coupland, Magdalen, near King’s Lynn, was a notable 
one. The machine will produce tight bales of up to 
1} cwt. each, at the rate of 3} tons per hour. The bales 
may be varied in length from 2 ft. to 3 ft. 6in. The 
drive, of about 6 h.p., can be taken from a threshing 
machine, or if provided by some other machine, the hay 
and straw can he fod either by hand or by an elevator. 
Another hay and straw baler with an output of about 
24 tons per hour, manufactured by Messrs. Dening and 
Company (1937), Limited, Chard, Somerset, was shown 
by Mr. I. M. Foster-Clarke, Fressingfield, Suffolk, which 
firm also distributes a variety of agricultural machines; 
for example, a 4 ft. 6 in. semi-heavy-duty threshing 
machine, made by Messrs. Tullos, Limited, Aberdeen. 
This machine has four 11-ft. shakers, 32 sq. ft. of rid- 
dling area, a 24-in. eight-beater drum, and two fans. 
Another interesting exhibit of this firm was the tractor 
winch for attachment to Fordson tractors, made by 
Messrs. Lainchbury and Sons, Limited, Kingham, 


posal | Oxfordshire. Messrs. Tamkin Brothers and Company, 


Limited, Chelmsford, Essex, showed a new road tyre 
for tractors. This tyre, known as the Tamkin-Bird 
tractor tyre, is designed to enable a tractor having 
its rims fitted with spade lugs to be taken off the land 
on to the highway without having to remove the lugs. 
It consists of a steel ring or tyre, with a smooth outside 
periphery, but internally formed with a number of 
cusps corresponding to the number of spade lugs in 
one circumferential row on the tractor wheel. The 
tyre is merely slipped over the spade lugs and the wheel 
tightens itself on the tyre on the forward motion of the 
vehicle, when the insertion of a locking pin gives full 
security. To restore the tractor wheel to its original 
condition, the reverse procedure is adopted. 

Two of the latest types of tractor manufactured by 
Messrs. Marshall, Sons and Company, Limited, Gains- 
borough, were shown by Messrs. Ben Burgess Tractors, 
48/5, King-street, Norwich. These were the “ Field- 
Marshall Mark I” and the “ Field-Marshali Merk 2.” 
Both machines are driven by a single-cylinder two- 
stroke Diesel engine. The “Mark I” machine is 
designed for cultivation purposes, while the “* Mark 2” 
machine is an industrial and contractor’s model, with 
a winch, rear-wheel brakes, awning and electric light. 
The only threshing machine exhibited at the show was 
the all-steel machine Class “SM,” manufactured by 
Messrs: Marshall, Sons and Company. Messrs. W. J. 
Boddy and Son, Limited, 35, St. Giles-street, Norwich, 
had a display consisting mainly of power units. 
These included compact self-contained Diesel generating 
sets, both for alternating current and direct current, 
the outputs ranging from 3-2 kVA to 11-4 kVA, and 
from 2-9 kW to 8-9 kW, respectively. The sets were 
made by Messrs. Turner Manufacturing Company, 
Limited, Villiers-street, Wolverhampton. Another 
exhibit of the same firm’s manufacture consisted of 
examples of Diesel marine- — sets ranging from 
4h.p. to 15 h.p. An exhibit by Messrs. W. J. Boddy 
which attracted considerable attention was a new mobile 
circular saw for forestry work. This saw is manu- 
factured by Messrs. F. W. McConnel, Limited, 30, 
Norfolk-street, London, W.C.2. The screw is 30 in. in 
diameter and is mounted, complete with a 6-h.p. or 
8-h.p. petrol engine, on a light two-wheeled trailer 
having pneumatic tyres. When in use the trailer is 
stabilised by hinged props. The saw table is spring- 
mounted and is swung towards the saw for cutting 
with the log held stationary on it. The fuel ——- 
tion is stated to be between 1 gallon and 1-5 gallons for 





a full working day. 
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LABOUR NOTES. 


ApprEsstne the annual conference of the General 
Federation of Trade Unions, at Dundee last week, 
Mr. F. Dickenson, who presided, said that he consi- 
dered that for satisfactory negotiations on wages, it 
was of the utmost importance that trade-union officials 
should be in possession of the Balance Sheet, the Profit 
and Loss Account, and the Trading Account of the 

ivate or public company whose representatives they 

to meet. That information was necessary to 
enable the negotiators to discuss their respective 
views on both the industrial and financial questions 
involved, and to ascertain how, and to what extent, 
these accounts affected claims. 


The annual report of the Management Committee— 
which was adopted by the Conference—covered a fairly 
wide of industrial questions. Claiming that the 
institution of an Industrial University Degree was 
necessary, they said: “If industrial employment is 
regarded as inferior to distributive and clerical employ- 
ment, then the quicker a change of outlook is effected, 
the better ; if the use of the creative and constructive 
portion of the brain is to be held to be inferior to the 
non-creative, or if clever manipulative fingers are to 
be considered less useful to the community than a facile 
tongue, then Britain will have to perform the miracle 
of living on air.” 


“We need,” they go on, “a sense of proportion in 
our educational system to re-create a balanced social 
outlook. There is a dearth of suitable education for 
the industrial needs that must be met; and even on 
entry into industry, the youngsters receive little, if any, 
encouragement in most industries to pursue studies 
which will make them more efficient in their trades. 
Our adult educational courses, too, provide little of 
industrial value. , The latent talents our youngsters 
possess are being neglected and much of their industrial 
value wasted. If... a merit value could be assessed 
for industrial qualifications and be added to its equiva- 
lent earned in an appropriate science examination, this 
could be used as the basis for the award of an Industrial 
University Degree, and would be a great step forward 
in economic security.” 


In the course of an examination of the various 
means proposed for increasing output, the committee 
said: “ The theorists advocate strongly time study and 
payment by results. Time study finds many friends 
amongst theorists, but few amongst the expert and 
practical. In the majority of cases, so-called scientific 
time study merely records the amount of time lost 
through faulty service of supplies from the first to the 
final stage of production, and through faulty material 
and delays in correcting machine faults. a 
management, acting in co-operation with the workers 
and ical trade-union representatives, taking 
sega by department, can quickly remedy the 

ects of irregular supplies and faulty assistance 
where they exist, or may occur... The correct 
industrial spirit and with plain common sense, could, 
and should, solve such problems, increase the earnings 
of the workers, step up production per man-hour, and 
release time-study experts, and the space they occupy, 
for productive service. Incentive systems of payment 
may be necessary in some industries, but they cannot 
be applied successfully to all peace-time industries. 
They can even become dangerous, unscientific, and 
uneconomic.” 


At its recent meeting in Hastings, the National 
Committee of the Amalgamated Engineering Union 
rejected by 30 votes to 20 a resolution that all dilutees 
with five or more years’ experience as skilled tradesmen 
should be eligible for normal membership of the union. 
‘The committee also decided to instruct the executive 
council to ask the Engineering and Allied Employers’ 
National Federation for two weeks’ continuous holiday 
a year with pay, plus 10 bank or other public holidays, 
with pay, the holidays to be staggered on a local basis. 


Under an agreement to which the British engineering 
trade unions and the federated engineering employers 
are parties, working hours are to be re-arranged next 
winter with the object of spreading the electricity load. 
Night-shift working is to be introduced, and work on 
Saturday mornings is to be permissible, if necessary, 
in order to make up the full normal week. Hours 
worked on the night shift are to be paid for under 
existing night-shift conditions as provided in the 
national agreement. On Saturday mornings, work 
will be permissible for the purpose of making up the 
full normal week, and such hours between 7 a.m. and 
12.30 p.m., are to be treated as normal hours and paid 
for at normal time rates. Provided the hours worked 
per day do not exceed 44 per week, the hours worked 


on day shift, Monday to Friday inclusive, between 
7 a.m. and 8 p.m., are to be treated as normal hours and 
be paid for at normal time rates. Hours worked before 
7 a.m. and after 8 p.m. are to be paid in accordance 
with the terms of the National Overtime Agreement. 


After receiving and considering the report of a deputa- 
tion which had conferred on the subject with the 
Prime Minister and the Chancellor of the Exchequer, 
the General Council of the Trades Union Congress 
decided to go ahead with its campaign for equal pay for 
equal work, notwithstanding the Goveriment's rejection 
of the claim that the principle be applied forthwith. 


Official figures relating to the coal-mining industry, 
circulated last week, showed that voluntary absenteeism 
among coal-face workers averaged 4-65 per cent. in 
May compared with 10-91 per cent. in April. Involun- 
tary absenteeism was 5-75 per cent., compared with 
7-08 per cent. For all workers, voluntary absenteeism 
averaged 3-64 per cent. in May compared with 8-34 per 
cent. in April. 


An extremely undesirable feature of the unofficial 
stoppages of work, which despite the warnings of trade- 
union leaders, are increasing in numbers, is that the 
immediate, effect of them is to penalise the public. 
Production, of course, necessarily suffers, and through 
that, the economic security of the country, as a whole, 
is endangered. But the effect which the general body 
of other persons, in i i , finds most 
irritating, is the interruption of its transport services 
and the stoppages of its supplies of materials and 
food. There is no excuse for these irregular strikes, as 
ample provision exists for the peaceful adjustment of 
differences. How much longer the community will 
continue to be content to suffer is difficult to estimate, 
but the trouble, if it persists, will be bound, it is 
believed, to have a far-reaching disruptive effect on 
the orthodox trade-union movement. . 


Interesting information regarding the establishment 
of what are described as “Company Councils” in 
Swedish industry, is given in the May issue of the 
International Labour Office’s Review. The new bodies 
are the result of two agreements—one between the 
Federation of Employers and the Confederation of 
Trade Unions and the other between the Federation 
of Employers and the ts apo of Salaried Employ- 
ees—and their main are to maintain a spirit of 
co-operation between employers and employees in 
order to achieve the best ible production ; to give 
employees insight into the economic and technical 
conditions of operations and the status of firms; 
to promote security of employment and safe and 
hygienic working conditions ; to further apprenticeship 
training within firms; and, in general, to endeavour 
to promote good production and working conditions. 


In their endeavour to further production, the 
councils, it is stipulated, should deal with questions 
concerning the technique, organisation, ing and 
development of production, with special attention to 
the experience and points of view of the employees. 
The duty of the employers is stated to be to provide 
the councils with continuous production surveys, 
including reports of reorganisations undertaken or 
pro , or other important changes in operations or 
working conditions within the firms; to report on 
new products and new manufacturing or working 
methods and other technical matters, on condition 
that publication is not deemed to be dangerous. 


If an employee has a suggestion for changing opera- 
tional methods, or the like, he has the right to request 
that the council should judge the value of his proposal. 
In so doing, the council is to consider whether or not 
the employee deserves compensation for his suggestion, 
which can only become payable if the suggestion is 
utilised. The council gives no decision with regard 
to compensation, but. the opinions which its mem 
express are recorded in the minutes. The employers are 
also to report to the operatives and salaried employees 
on the council concerning the economic condition of 
their firms; to vide the council regularly with 
information touching on the state of the market 
within their branch and on the economic requirements 
for production and potential sales. The councils 
must also be shown Solana sheets, profit and loss 
statements, and the reports of managements and 
auditors. 


Special provisions have been embodied in legislation 
to restrict the regular employment in Mexico of aliens 
in intellectual or artistic activities which could be 
exercised by nationals. Research workers and scientific 
investigators may be admitted only at the request of 





the institution which agrees to employ them. 





THE DESIGN AND CONSTRUCTION 
OF AN ELECTRON MICROSCOPE.* 


By M. E. Hare, B.Sc. 


Tue resolution limit of the best optical microscope. 
is of the order of half the wavelength of the light used ; 
for visible light it is therefore about 2,500 This 
limit was reached by the middle of the Nineteent) 
Century and for over fifty years the only notable 
improvement was the use of ultra-violet light with fused 
quartz lenses, making possible a resolution limit of 
about 1,500 A. Further reduction of wavelength into 
the X-ray spectrum is limited by the lack of suitable 
materials to refract the radiation, though some advance 
in this direction may be possible with the use of reflect- 
ing surfaces. 

After this long hiatus a great stride forward started 
with the work of Busch on electron lenses, In 1926, 
he showed mathematically that an axially symmetric 
magnetic or electric field, as used to concentrate the 
electron beam in the Braun tube, acted on the beam in 
a manner closely analogous to the simple optical lens 
on a beam of light. The equivalent wavelength of the 
electron was shown to be a function of its velocity and 
to be 100,000 times smaller than that of blue-green 
light. This suggested the possibility of obtaining 
greatly improved resolution in a microscope using an 
electron beam instead of light. The properties of prac- 
tical field distributions in electron lenses and their 
relation to the trajectories of electrons traversing them 
have been studied in great detail, mainly by mathema- 
tical methods ; and it has been shown that where both 
the spherical aberration and diffraction errors are 
present a minimum value of the resolution limit will 
occur at some optimum value of the semi-angle of the 
cone of aye leaving an object point and entering the 
objective lens. It also appears that the minimum 
resolution limit for the present type of lenses is in the 
region of 6 AtosA, corresponding to a value of 0-2 
for the spherical-aberration constant. The optimum 
angular aperture is 0-002 radian. In practice, though 
the convergence angle of the incident illuminating beam 
may be limited, scattering and diffraction at the 
specimen increases the divergence angle of the beam 
entering the objective lens. For the case of detail 
near the resolution limit the additional divergence 
angle of the beam due -to these causes is of the order 
of 0-001 radian, so that optimum conditions are reached 
with an ane parallel — ting beam. Further 
appreciable improvement of the resolving power beyond 
this theoretical limit will involve semitone reduc- 
tion of the spherical-aberration constant by correction 
of the lens. Two ible methods of achieving partial 
correction have oe discussed and altho the 
een difficulties involved are great the rewards 
of success in applyi ae trek mae | the e se. 

Early work = ae development of the datum 
microscope was carried out by Knoll and Ruske. 
Progress was slow at first and it was not until 1932 
that they published their first description of an electron 
microscope using etic lenses and giving 4 resolv- 
ing power not so good as that of the optical microscope. 
By 1934, Marton had built a similar instrument in 
Brussels, and¢wo years later an instrument was built in 
Britain by Martin, Whelpton and Parnum. Results 
were now improving upon those of the optical microscope 
and gress was ming more rapid. Work in 

was started about 1938 by Prebus and Hillier. 
By 1939, resolving limits better than 100 A had been 
obtained by them, as well as by workers in Europe. 
The first commercial instrument was uced about 
this time by Siemens in Berlin, to be followed by one 
from the Radio Corporation of America two yéars 
later. Instruments had also been developed by Bruche 
and later by others using electrostatic lenses. Develop- 
ment during the war years was carried out mainly in 
America, an electrostatic instrument being developed 
in the laboratories of the General Electric Company. 
Little work was possible in this country or in Germany. 
Some noteworthy instruments, however, were developed 
under great difficulty by French and Dutch makers. 

An illustration of the type E.M.2 electron microscope, 
which has been developed by the Metropolitan-Vickers 
Electrical Company, Limited, is given in Fig. 1, 
opposite. Fig. 2, on page 22, is a diagram of the electron 
optical system. This consists of the electron gun a, 
which accelerates a narrow beam of electrons from 4 
tungsten filament; the condenser lens b, which con- 
centrates the divergent beam from the gun on to the 
object ; the objective lens c, which focuses an enlarged 
image of the object in the intermediate image plane, 
and the projector lens d, focusing a further sileageed 
image on the final fluorescent screen e. The 
must be enclosed in a vessel which is evacuated to a 
pressure low enough to make the mean free path of the 





* Paper read before the Measurements Section of the 
Institution of Electrical Engineers on Friday, March 21, 
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ELECTRON MICROSCOPE. 


electrons long compared with the electron path length. 
The general arrangement of the main tube assembly is 
shown in Fig. 3, on page 22. The tube is mounted on a 
cast brass pedestal a, Fig. 3, which contains the pumping 
system, except the rotary pump, which is mounted 
separately to minimise vibration. The tube itself 
consists of a brass viewing chamber b, the intermediate 
section c and the object section d of drawn brass tube, 
and the electron gun e. The illuminating system con- 
sists of the electron gun and the condenser lens assembly ; 
these fulfil the functions of producing a beam of elec- 
trons of the required velocity, intensity and conver- 
gence angle. The electron velocity is a direct function 
of the acceleration voltage plane, the choice of voltage 
being reached by consideration of its effect on the resolv- 
ing power and contrast in the image. Theoretically, 
resolution improves as the accelerating voltage increases, 
while optimum contrast conditions d on the type 
of object. Fora very thin object of low atomic number, 
such as a virus particle, voltages above 30 kV may 
give poor contrast, while a few thick biological objects 
may require several hundred kilovolts to show up 
internal detail effectively. For a re a me 
instrument it was decided that a voltage variable from 
25 kV to 50 kV would be most suitable and economic to 
employ. 

Fig. 5 shows the arrangement of the electron gun. 
The filament a consists of an 0-005-in. diameter 
tungsten-wire hairpin with a sharply bent tip. This 
is located centrally by the simple setting jig illustrated 
in Fig. 5, just behind a 0 -02-in. diameter aperture in the 
cathode shield 6 in Fig.4. The cathode shield, which is 
shaped to maintain a narrowly divergent beam, is at 
cathode potential. The anode c is a copper block and 
is drilled centrally with a 0-012-in. diameter aperture, 
through which the central portion of the beam passes. 
The anode supports a shield d, which prevents secondary 
electrons from the anode from building up a charge on 
the insulating glass cylinder e and also absorbs X-rays. 
The cathode and anode assemblies are spigoted into the 
end flanges f, which are fitted with demountable rubber 
vacuum seals. The flanges are sealed on to the ends of 
the insulating glass cylinder e by means of Apiezon wax 
the wax seals being made with the electrodes held in 
alignment by an assembly jig. 











The condenser lens system and aligning mechanism 
are also shown in Fig. 4. The condenser lens g is an 
iron-shrouded solenoid with an air-gap h. The lens 
is mounted outside the vacuum, the fringe field from 
the air-gap extending into the vacuum through the 
walls of the brass tube i, and acting on the beam 
therein. A further brass tube k — the beam- 
defining aperture | in the centre of the condenser 
tube. The aperture limits the maximum value of the 
convergence angle of the beam to.0-004 radian when 
the condenser lens is focused. Reduction of this angle 
is effected by defocusing the lens. The lens slides on 
the flat upper surface of the block m, and is centred 
by the adjusting screw n and a similar one mounted 
perpendicular to it. Return motion is obtained by the 
springs o. ‘Two perpendicular .pairs of adjusting 
screws p are provided to move the gun assembly over 
the spherical surface q, tilting it about the centre of 
the sphere which lies in the plane of the object. This 
adjustment allows the direction of the illuminating 
beam to be aligned to the axis of the objective lens 
without affecting the position of the beam at the 
object. Similarly, two further perpendicular pairs of 
screws r move the whole gun laterally to align the 
illumination to the objective field of view. Vacuum 
connection between the electron gun assembly and the 
main tube is made by a fiéxible metallic bellows s. 
The entire electron gun, together with the terminating 
bushing for the 50-kV supply cable from the direct- 
current power unit, is mounted within an earthed 
protecting cover. One half of the cover can be swung 
back on hinges to gain access to the interior. An auto- 
matic earthing device operates as the hinged half opens. 

The object stage of the electron microscope holds the 
specimen rigidly at the correct height and position 
relative to the objective lens, and can be moved laterally 
to explore different fields in the object. The support- 
ing membrane on which the object is mounted usually 
consists of a very thin organic film supported across a 
small aperture or a series of apertures in the form of a 
metal grid. The object support, which is shown in 
Figs. 6 and 7, is held in a cap on the end of a flanged 
tubular capsule which has an accurately ground cone on 
its outer surface. This cone fits with great precision 


The plate has three ball-bearings let into its underside, 
and these run on the ground upper surface of the objec- 
tive lens. Three phosphor-bronze leaf springs b hold the 
balls in contact with the lens surface. The two perpen- 
dicular mechanical-stage traversing drives each consist 
of a push rod ¢ mounted to the plate at one end and en- 
gaging a V-block d at the other. The V-block is attach- 
ed, to a further push rod ¢ leading out of the vacuum by 
a flexible metallic bellows f. The outer end of this rod 
contacts a ball-ended adjusting screw in a bell-crank g 
which bears at right angles on the main driving screw h. 
The lead screw has 60 threads to the inch and is turned 
through a flexible coupling by the operating shaft i, 
which terminates in a knurled knob & at a position 
convenient for the operator to p when viewing 
the finalimage. Return motion of the stage is obtained 
by springs. These are sufficiently strong to ensure the 
stage following the lead-screw motion with less than 
0-00001 in backlash. Two compression springs, located 
in the flexible metal bellows, force the outer pair of 
push rods against the bell-cranks and a tension spring, 
mounted to the stage plate half-way between two push 
rods, pulls the stage plate against the V-blocks. The 
advantage of this system over others tried, is that, 
while the necessary fine control is obtained, the object 
holder can still be rapidly moved over its full diameter. 

When removing the object from the vacuum, an air 
lock obviates the necessity of letting the whole tube 
down to atmospheric pressure. The design of the air- 
lock follows, in general principle, that of Hillier, though 
it has the advantage of being designed as a complete 
sub-assembly unit on a demountable side-plate. 
Through the port exposed by the removal of this 
assembly, access is obtained to the mechanical stage 
and objective lens. This feature has proved of par- 
ticular value in experimental work on the instrument. 
A cross-sectional diagram of the object air-lock assembly 
is shown in Fig. 9, page 23. It consists essentially ci the 
airlock tube a joined to the flange plate b, the insertion 
block c, the lifting lever d, the trap e, and the trap- 
closing mechanism. “The following description of the 
operating cycle also explains the construction of the 
air-lock arrangement. In the running position, as 
illustrated in Fig. 9, the specimen holder rests in its 
conical seating in the mechanical-stage plate. Rota- 
tion of the air-lock control knob turns a lead screw on 
the control shaft f and pushes a block g, vacuum-sealed 
by metal bellows, away from the front flange. This 
motion, through a simple lever system, closes the air- 
lock trap e towards the end of the air-lock tube. Two 
pins, projecting from the door and pushing through 
spring-loaded push rods, tilt the lifting lever d about 
its pivot, thus lifting the stirrup A. The stirrup 
engages with the flange on the object holder and lifts 
it into the air-lock tube so that the door can close over 
it. A vacuum seal is made by a rubber gasket. The 
door clamp i is now released, letting air into the lock 
through the rubber-seated leak valve k, which is 
normally held closed by the clamp. As the 
in the lock rises, the sealed-off metal bellows 1 com- 
presses, moving a catch m over the end of the lever arm 
and holding the lever and object holder in the raised 
position. The insertion block c is now removed from 
the tube and the object replaced. On returning the 
block and resetting the clamp, the air-lock is pumped 
down to a rough vacuum through an auxiliary pipe 
line. The air-lock trap is re-opened, dropping the 
specimen into the operating position, the diffusion 
pump clearing away the residual air present in a few 
seconds after the trap opens. 

It was mentioned above that under optimum condi- 
tions a resolving power of the order of 10 A might be 
obtained in the electron microscope. A more practical 
value lies about 50 A. The average eye, on the other 
hand, is able to resolve detail only as small as 0-1 mm. 

0-1 

50 x 10-7 
= 20,000 times is necessary to make the finest 
resolved detail in the instrument visible to the eye. 
In practice it is desirable to limit the electron optical 
magnification to about 10,000 times, .as by so doing a 
brighter final image field is obtained for a given beam 
current density at the object. Additional magnifica- 
tion can then be obtained by photographic enlargement 
up to the limit set by the grain of the emulsion. To 
obtain a magnification of 10,000 times in a reasonable 
tube length a two-lens system is necessary. Focal 
lengths of 0-6 cm. for the objective lens and 0-3-cm. 
for the projector were found practicable, so that two 
stages each 40 cm. long were decided upon to give the 
required magnification. Objective lenses of :shorter 
focal length were designed later, enabling higher mag- 
nifications to be used when required. 

The earlier lens design is illustrated in the sectional 
elevation of Fig. 9. A bobbin-wound energising coil n 
is surrounded by an iron circuit except for a gap o 
in the central bore. The gap is. bridged by a pair of 
accurately fitting pole-pieces p which concentrate 


in order of size, so that a magnification of 





into a conical hole a in the stage plate, shown in Fig. 8. 


the magnetic flux into a restricted region round the 
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axis of the lens. A brass spacer is inserted between the 
pole-pieces, and this is drilled with a central hole to 
allow for the passage of the electron beam. The 
energising coil in this design is sealed up in a toroidal 
brass box with rubber-sealed terminal ings, - 
being necessary to prevent the coil “ gassing ” in the 
high vacuum. The improved design of lens which is 
used on later instruments is shown in Fig. 10. The 
coil is here wound directly on the iron circuit and is 
fully impregnated with a solventless varnish. After 
impregnation, the outside of the coil is “‘ skimmed up ” 
in a lathe and the outer cylindrical portion of the iron 
circuit fitted. A further impregnation now seals the 
coil completely within the iron, so that only the varnish 
in the joints and in the holes through which the leads 
are brought out is exposed to the vacuum. The vapour 
pressure of the varnish is too low to affect the vacuum 


a fe magi 

ign of the ising coil and pole-pieces is 
based on necessity of o ing a minimum focal 
length in the lenses. Sufficient excitation is allowed 
almost to» saturate the iron in the pole-piece tips, 
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and the winding space is determined by consideration 
of the power losses in the coil. The pole-pieces give 
an axially parallel field except near the central bore 
where the lens action takes place. The shape of the 
pole-pieces is not critical, but the axial symmetry is of 
vital importance and considerable care is taken during 
construction to minimise asymmetries. Accurate 
grinding methods are resorted to for finishing most 
surfaces, and careful checks are made for errors. 
Nevertheless, etry of the objective lens field is 
the limiting factor in performance in this and other 
instruments. Recent work by Hillier has shown that 
greatly improved results can be obtained by paying 
great attention to this question of pole-piece symmetry. 
Each lens is mounted in the microscope tube on three 
vertical adjusting screws which may be used for initial 
levelling. The objective lens is fixed in position by a 
spigot and clamped down by three tie-bars. , 

projector lens can be moved laterally by four adjusting 
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metallic flexible bellows. 
m the lenses are brought 
through the wall of the tube by rubber-insulated bush- 
ings. A double Mumetal screening tube extends over 
the full distance between the two lenses and screens the 
beam from — magnetic fields ; a maximum alternat- 
ing current field of only a few millionths of a gauss being 
permissible in the region between the lenses. A further, 
similar, shield extends below the projector lens. A 
fluorescent screen lightly coated with willemite is 
placed centrally on top of the projector lens for 
observation of the intermediate image through an 
auxiliary viewing port. A shielded hole in the Mumetal 
tube is arranged to allow free vision of this screen. 
In the centre of the screen a l-mm. diameter hole 
allows the central part of the image to pass through to 
the projector stage for further magnification and pro- 
jection on the final fluorescent screen mounted on the 
camera. A port is provided to gain access to the pro- 
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jector lens and the central part of the tube. If neces- 
sary, the lens may be removed from the column through 
this port without disturbing the rest, of the tube. 

To make a photographic record of the final image on 
the electron microscope it is usual, as in the electron 
diffraction camera and demountable pre 
cathode-ray oscillograph, to place the per 
plate within the vacuum and to allow the beam 
image to impinge directly upon it. This method has 
the advantages over photography of the light image on 
the fluorescent screen, t exposure times are about 
ten times shorter, and that the resolution in the photo- 
graphic image is not limited by the grain in the 
fluorescent screen. The former is of importance since 
short exposure times call for less stringent requirements 
in mechanical and electrical stability and other factors 
affecting the steadiness in position and focus of the final 
— At the same time the limitation to resolution 

photographic image imposed by the fluorescent 
screen would, in general, be greater than that due to 
performance causes, and would therefore limit the instrument 

01 

The camera in the present instrument incorporates 
an air-lock and is mounted in the cast brass viewing 
chamber supporting the main column and con 
three pairs ot hinseciae viewing ports with eye-shields 
and light-tight shutters. The connection to the diffus- 
ing pump is made at the back of the casting. 
camera body, which is illustrated in Fig. 11, consists 
of a long rectangular brass box open at one end and 
having a square hole in the upper side s ly 

under the fluorescent screen which is hinged to 
the side of the box. The camera box is sweated into 
a flange which is sealed into an in the viewing 
chamber by a rubber gasket, fluorescent screen 
then being situated symmetrically below the centre of 
the main tube. The end of the box projects through 
the back of the casting into a vacuum-sealed cover. A 


hinged door on the open or front end of the camera box 
seals the opening with a rubber gasket. The door is 

and two clamps to 
Longitudinal grooves 
box, and in these 


fitted with a conical seated air-] 
secure it in the closed position. 
are milled inside the walls of the 
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grooves runs the cassette carrier plate with a rack 
mounted on its underside and locating pieces on its 
upper side to locate and hold the photographic plate 
cassette. The plate is driven along the box by the rack 
and an engaging pinion wheel which is driven through 
two pairs of skew gears by a bane on the side of the 
camera. The drive passes through the main camera 
flange by a gland-type vacuum onal as described below. 
An indicator coupled to this drive shows the position 
of the plate within the box. 

When the carrier plate approaches the front of the 
camera box, two lugs, projecting from the rear end of 
it, engage a simple lever mechanism which, on further 
movement of the drive, raises a circular plate with a 
rubber , sealing off the square photographing 
port isolating the camera box from the main tube. 

air-leak in the camera door now allows the operator 
to let the camera down to atmospheric pressure and 
to replace the photographic cassette. The door is then 
closed, the camera pumped out to a rough vacuum, and 
the trap opened by a turn of the carrier-plate drive 
control to allow the diffusion p to clear away the 
phic | remaining air. The light-tight cassette holding the 
10 in. X 2 in. pho’ phic plate consists of a chemic- 
ally-blackened, fiat rectangular box with a sliding “8 
At one end holes drilled in the lid allow free pumpin 
of the air from the cassette. Baffles prevent light 
entering these holes, from reaching the photographic 
plate. When the cassette is inserted in the camera two 
projecting lugs on the lid engage in two short slots in 
the side of the camera box, and a flat projecting spring 
underneath the box engages in a slot in the carrier 
te, which thus moves the cassette along the camera 

x, the lid being held back by its lugs. During the 
return motion the lid slides back into the closed 
position. arrangement is similar to that used on 
the Siemens and the R.C.A. instruments. To make 
the e: , the fluorescent screen is raised on hinges 
by a driving spindle running, through a gland seal in 
the main camera flange, to a control knob. A third 
running through another gland 
seal in the main flange and operates a masking device 
to enable the size of the photographic exposure to be 


The | controlled. 
The vacuum system follows the usual practice of 
continuously pumped Pm ratus. An diffusion 


) is backed by a rotary 
R. 1). This combination has 
Rone more than adequate to maintain the high 
of vacuum necessary for the operation of 
Stree. Vacuum joints throughout utilise rubber 
as @ jointing medium. To obtain linear movements 
inside the tube, flexible metal bellows are used. Rotary 
movement is obtained by a simple modification of the 
Wilson seal. 
The high-vol 
transformer-fed 
7-CONT apacit network. 


pump (Metrovac type 0, 
pump (Metrovac type D. 


unit used consists of a Shavit Ledeen 
-wave a. circuit with a 








oothing 
The unit comprises the high- vies transformer, the! o 
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rectifier with its filament transformer, the smoothing 
network, a resist potential divider, 
and a 50-cycle transformer insulated for 50 kV direct- 
current to feed the electron-gun filament. These 
details are mounted under oil in an enclosed tank, the 
output being taken through a demountable oil-ended 

ing to a rubber-insulated high-voltage cable leading 
to the microscope. 

The stabilising system is shown in the simplified dia- 
gram of Fig. 12. The “earthy” side of the 50-kV 
direct-current rectifier circuit a is connected at b to 
the output terminal of a direct-current cou amplifier 
c which is fed from a potential divider d. Thus the 
output voltage at ¢ is derived from the addition of the 
rectified alternating-current voltage and the amplifier 
output voltage. "The feedback arrangement causes the 
amplifier output-voltage variations to be in anti- 
to those of the rectifier unit output, and to “iffor in 
amplitude by an amount inversely proportional to the 
total internal araplification as previously described. 
In addition to this arrangement, the alternating-cur- 
rent input supply to the whole circuit is pre-stabilised 
by a constant-voltage transformer of the saturable 
reactor t The direct-current amplifier circuit 
consists of a three-stage direct-coupled balanced — 
with a pre- ‘stabilised anode supply. The pre-sta 
uses a well-known circuit which is very similar to the 
coil-current stabilisers described below. 

The lens coils are each fed from a similar circuit, 
the three circuits being fed off a common 500-volt 
conventional full-wave rectifier unit. A single stabilis- 
ing circuit is shown in Fig. 13. It comprises a series 
control valve a, which is regulated by the anode 
voltage of the amplifier valve 6. The input to the 
amplifier is fed from a control resistor in series with 
the lens coil, a bias battery being connected between the 
resistor and the grid to balance-out a fixed portion of 
the voltage drop across the resistor. The circuit keeps 
the voltage drop across the control resistor, and hence 
the current in the coil, constant. Variation of the 
current is obtained by variation of the resistance value, , 
rough and fine controls being fitted as necessary. The 
circuit just described was not adequate to give the 
required degree of stability, but it was found that if 
A beeen yh 2 dangly ag vente gat topestgan,. embaghg 
© | potential divider across oe voltage, as shown in 
the diagram, the stabilising wae was increased by 
nearly five times for a certain position of the oe 

In order to obtain ‘1 benefit of the high resolving 
tag —— with the electron microscope, it is neces- 

= a the various components with great 
necessary to carry out adjustments 

‘oe -alae alignment while the i the instrument is running, since 
only by so doing can the desired degree of accuracy be 
btained. The condenser lens is adjusted until its axis 








is 5 contelty situated with the bnncndihitiee iaiietd. 


This step is catried out while observing the auxiliary 
fluorescent screen which moves into the beam when the 
object air-lock door is closed. This screen, which is 
shown at gin Fig. 9, page 23, is attached for convenience 
to the driving mechanism for the air-lock, and is viewed 
through a side port in the tube. With the gun 

at full voltage, a fluorescent spot about 0-5 cm. in dia- 
meter is observed on this screen, and on switching on |” 
the condenser lens and adjusting its energising current, 

the spot can be focused almost to a point. 

The auxiliary fluorescent screen is now moved out 
of the beam by opening the object air-lock door, and 
the beam is allowed to fall on the object, which for test 

may be a su with a light deposit 


purposes pporting 
of carbon black from.a smoky flame. The cbicuive Any 3 


lens current is now adjusted to give’ an illuminating 
spot of minimum size on the intermediate screen. The 
spot will probably be well to one side or even off the 
screen. It should be brought back by movement of 
the electron gun transverse-adjusting screws until it 
lies centrally over the hole in the centre of the screen. 

Before aligning the projector lens so that it images 
the axial object point, it is necessary to identify the 

sition of the objective axis. This may be achieved 
by reversing the objective lens current, while observing 
the intermediate screen. Owing to the rotation effect 
described above, the image will move through an angle 
equal to double the lens rotation angle. Thus all points 
on the image will move except the axial one. This 
point may be located by moving a distinctive object 
point, by the mechanical stage controls, until a — 
is found where it remains stationary when the objective 
lens current is reversed. Having found this axial 
point the projector lens and intermediate screen are 
moved laterally until the point lies over the centre of 
the screen aperture. A better approximation can now 
be made by observing the enlarged image of the re- 
stricted intermediate field on the final screen and 
repeating the routine just described. Finally, it is 
found that a condition can be obtained such that a 
final image point at the centre of the final screen will 
remain fixed in position when the current reversal takes 


After making the previously-mentioned adjustments 
it will usually be found that when the objective lens 
current is varied by a small amount, besides defocusi 
the final image it will cause the image to move laterally. 
This movement of the image is caused by the illuminat- 
ing electron beam not being parallel to the objective 
lens axis. To correct this the electron gun is tilted by 
means of the appropriate controls in such a way that 
the defocused and displaced image is brought back to 
the position it occupied when focused. It will then be 
found to remain stationary at all values of the objective 
current. 

To examine an object the object holder is inserted 
in the instrument through the air-lock. An inter- 
mediate image is obtained by switching on the high 
voltage and lenses and raising the filament control until 
adequate intensity is obtained. The condenser lens 
is now focused to give a minimum size of illuminating 
spot as observed on the intermediate viewing screen, 
and the mechanical stage is adjusted so that an object 
support aperture lies over the intermediate screen 
a . A final image can then be obtained. Initial 
observation of the final image is best carried out at 
reduced projector-lens current and hence reduced 
magnification. The filament control is adjusted to 
give adequate final-image intensity, and the edge of 
the object support aperture, or some convenient part of 
the object, is brought into the centre of the field. The 
image is now brought to an approximate focus by 
adjustment of the objective-lens current. The object 
may now be searched until a field of interest is found. 

Before making a photographic exposure, the projector- 
lens magnification is adjusted to a suitable value, and 
the beam current adjusted to give as bright a field as 
possible without overheating the specimen. 
experience will enable the > se gal to judge just what 
beam current a particular object will withstand. The 
image is now focused with great care, and the exposure 
made by raising the ogee screen for the necessary 
scone of time. exposure time required is judged 

dhs trighinaas 2 of the high lights of the image, and 
estimation of this is largely a matter of experience. 
Exposures from 1 second to 10 or 20 seconds. 
For consistent results it has proved desirable to incor- 
rate some form of e meter. Other workers 
ve used a photo-electric type of meter to measure the 
final screen brightness for this purpose. An alternative 
ai ent tried consists of an insulated plate which 
can be into the beam above the fluorescent screen. 
The beam current collected by this plate can be 
measured and calibrated in terms of exposure time. 
Recent investigations into the design of the electron 
gun have resulted in marked improvement in the 
maximum beam intensities obtainable. It is ores 


that this will enable much improved results to 
btained. 
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MACHINE TOOLS AND MACHINE-SHOP 
EQUIPMENT 

584,339. Finishing Gear Teeth by Shaving. R. J. 
McLeod, of West Drayton. (4 Figs.) October 17, 1944. 
—The invention is an attachment, which can be readily 
fitted to the hob carriage of a gear-hobbing machine to 
perform the process of gear shaving without the necessity 
of providing a special and separate machine. The gear 
is first rough cut, and then in place of the hob, the attach- 
ment is mounted on the hob carriage and the process 
of gear shaving begun without removing the gear wheel 
from the machine. The shaving tool is a pinion having 
involute teeth Of correct pitch, pressure angle and tooth 
proportions to suit the gear wheel. The shaving cutter 
is first meshed with the teeth of the gear to full depth 
and then the gear is rotated, thus driving the shaving 
cutter. It is usual for the shaving cutter to be fed into 
depth until sufficient cutting occurs, and then to feed it 
axially until the shaving cutter has traversed the whole 
face width of the gear. When special gear-shaving 
machines are used, a relatively high pitch-line velocity 
of the gear is used. Gear-cutting machines, however, 
are not designed for high speeds, and to compensate for 
this lack of pitch-line velocity a reciprocating motion is 
introduced equal to the rate of axial feed of the shaving 
cutter per revolution of the gear. The base 1 of the 
attachment is made to suit the particular gear-cutting 
machine. A saddle 2 is mounted on sideways in the 
base. The front part of the saddle 2 has a circular face 
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with T-slots, upon which face is mounted a circular 
plate 3 having its edge graduated in degrees. Fitted to 
this circular plate 3 are two bearings which carry a 
free-running spindle upon which the gear-shaving cutter 
11 is mounted. The bearing is fitted with double thrust 
bearings to resist the imposed axial thrust. The reci- 
procating motion of the saddle 2 is obtained from the 
spindle 4, which is driven by the hob-driving mechanism 
on the machine. The spindle 4 is supported in bearings 
and part is designed to form an eccentric. On this 
eccentric is mounted a sleeve 15 having its journal 
portion offset the same amount as the spindle 4, thus 
forming another eccentric. On the end of the sleeve 15 
nearest the bearing is a serrated surface 16, which 
engages with a mating serrated clutch surface on a 
half clutch 17, which is keyed to the spindle 4, and 
controlled by a nut 18, which enables the half clutch 17 


Y|to be engaged or disengaged with the half clutch 16 


on the sleeve 15. The half clutches together permit 
the adjustment of the position of the two eccentrics. The 
offset of the two eccentrics is equal, and the length of 
stroke of reciprocation can be adjusted from double 
throw to zero to suit the rate of feed of the shaving 
cutter. The journal portion of the sleeve 15 runs in a 
sliding block 19, which slides between the horns on the 
saddle 2.—( Accepted January 13, 1947.) 


MINING. 

584,555. Dry Cleaning of Coal. The Saxon Engineering 
Company Limited, of Stoke-on-Trent, and G. E. Shaw- 
cross, of Stoke-on-Trent. (3 Figs.) November 16, 1944. 
—tThe invention is used for the dry cleaning of coal, 
particularly of the smallersizes. A table 1 sufficiently wide 
for the quantity of coal to be cleaned is supported on two 
longitudina] girders 2, one at each side. The girders 
are set at a slope and at the lowerends have bearing hous- 
ings in which the ends of a shaft 4 rotate. Just inside 
be | each bearing a link is keyed to the shaft 4, and is keyed 
at its lower end to a second shaft which is mounted at 
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each end by a solid-rubber bearing in a housing fixed to 
the framework of the apparatus. The upper ends of the 
girders are similarly supported. The link extends up- 
wards beyond the bearings, carrying a short length of 
shaft to which an eccentric 17 is linked by a solid-rpbber 
bearing. The eccentric is mounted on a power-driven 
shaft 18. The surface of the table is of serrated and 
the | Perforated section. The lower side of the table is 
rt ceiaaad tp 6 teeing euidainel Wy cians to 6.8008 
casing 27, which is supplied with clean air at low pressure 
from a fan. The current of air passing through the bed 
of coal near the ends is regulated by baffles 28, projecting 
downwards from the table surface to form air chambers. 








the | Each of the five air chambers has a butterfly valve to 


regulate the air flow. The table has side walls to prevent 
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the coal from falling off the sides, and a weir at the left- 
hand end of the table maintains the depth of coal. The 
height of the weir can be adjusted by means of a rack and 
Pinion at each end. The clean coal is discharged by a 
chute 35. At the upper end, the table is unperforated 
and there is an adjustable sloping weir over the top of 
which the shale is discharged into a chute 41. The raw 
coal is fed into a stationary hopper, the discharge end 
of which is closed by a plate operated by the vibration of 
the machine. From the plate, the coal falls on to a corru- 
gated plate 46, by which it is distributed over the whole 
width of the table. The plates are enclosed in a casing 
47 from which air for dust removal is drawn through a 
flexible connection by a fan. The upper side of the table 
is left open, as practically no dust is produced in the 
process of cleaning and the operator can see at any time 
how the apparatus is working and can make any necessary 
adjustments at once. The active length of the table 
is about 6 ft., and a very low air pressure is sufficient. 
( Accepted January 17, 1947.) 


MISCELLANEOUS. 

586,071. Optical Gauging Apparatus. Alfred Herbert, 
Limited, of Edgwick, Coventry, and T. Curson, of Edgwick, 
Coventry. (1 Fig.) October 18, 1944.—The invention 
consists of an optical-projection apparatus for comparing 
the contour of a surface which is curved in three dimen- 
sions with markings on a template. The latter is a 
translucent one with accurately placed markings. The 
turbine blade 11 to be gauged is supported from one end 
by a holder 12 which can slide along a guide in a base 14. 
A ball 15 at the foot of a rod which can slide in a support 
17, rests under the influence of gravity on the blade. 
Within the rod is a screwed spindle 18 carrying a second 
and identical ball 19 at ite foot, which is displayed 
through a window 20 in the rod. A set screw in the 
support 17, enters a groove in the rod to prevent the 
window from being turned out of its proper plane. The 
support 17 is carried by a bracket on an arm 23, of 
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hexagonal cross-section, and the arm is held in a recess 
in a slide 24 by a plate and bolt. The direction of move- 
mentef the slide is at right angles to that of the holder 12. 
The arm 23 is thus adjustable longitudinally with respect 
to the slide 24, so as to enable the ball member 15 to be 
presented to any desired part of the blade to be gauged. 
The slide 24 is moved along the table and tiaverses the 
ball 15 across the blade by means of a micrometer screw. 
The optical-projection apparatus incorporates a lens 33, 
for directing a light beam through the window 2¢ so as 
to cause a shadow of the ball to be projected on to the 
template. In use, the blade is set up and the spindle 18 
is adjusted by a knurled head until the shadow image of 
the bail member 19 bears correctly on the template. The 
spindle is then held by a lock-nut. The contour of any 
section of the blade can then be compared with the 
appropriate marking of the template by traversing the 
slide 24. The projection apparatus is of the kind in 
which the light rey throws the shadow of the ball member 
19 into a mirror system, whence it is directed on to the 
template with an enlargement of fifteen diameters. 





(Accepted March 6, 1947.) 
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